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BEHAVIORAL VARIABILITY, LEARNING PROCESSES, AND CREATIVITY

AIMS OF THE RESEARCH AND CHOICE OF TASKS.

i..-z sent re.r. ' ?necificallu airmed et investigating properties

Df behavioral varibility in humans and at elucidating underlying

mechanisms. Two main categories of independent variables are dealt :

environmental and cognitive factors. We study their interactions with

behavioral variability as a function of development (ontogenetic approach).

1.1. Environmental factors.

We want to analyse the influence of several reinforcement

contingencies and visual feedbacks, on behavioral variability.

The task used is a new version, for human subjects, of the Visual

Matrix (YN) technique, borrowed from Vogel and Annau (1973). This

experimental situation is of course only one of the many situations, that

could be designated to study behavioral variability, the common

characteristic of which should be to provide for a wide range of various

behaviors. It is essentially a simple problem solving task, with a number

of possible solutions.

The device included a 4 x 4 light bulb matrix and 2
response-buttons. At the begining of a trial, before any response has been
produced, all the lights in the matrix are off, with the exception of the
upper left one. Any response on the left button has the consequence of
switching off the light and simultaneously of switching on the next bulb to
the right; any response on the right button similarly result in a
displacement of the light one step from top to bottom. The trial is
completed and reinforced when the light at the bottom right corner is on. A

-- 7-'.t - %"wed s a s9e'-!.sce in which the 'goal" is reached
after 6 responses - 3 on each button - in any of the 20 possible
combinations. Every correct sequence is followed by a new trial. Any 4th
response on a given button, after the extreme right or the extreme bottom
has already been reached, terminates the trial and another trial is
initiated. There are 30 possible incorrect sequences. Subjects are
generally presented sessions of 50 trials.

Several authors have already used this version for humans, with
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children (El Ahmadi, 1962) end with adults (Schwartz, 1982; Boulanger,

i963 -rd .'or and Petcock, 1986). In our research we adapt the principle

of the matrix in an animate cartoon style, using a videoscreen controlled

by a micro computer (detailed description can be found in the

Method, pp. Ik - 13 ).

Three experimental situations will be investigated

- the normal situation (matrix N) as described above.

- a situation in which the visual display does not give any usefull

information (random displacement of visual cues) (matrix R).

- a situation that requires some variability to be reinforced (one

sequence will be reinforced, only if it is different from the two

previous ones)(matrix D).

By manipulating the reinforcement contingencies, the visual feedbacks

and the presentation order of different experimental situations, we hope

to define the subjects' spontaneous variability and its evolution with this

task. We will try to answer the following questions:

- Does contingent reinforcement produce stereotypy, even when it is not

required ?

- What is the role of visual cues ? Do they influence the sequence form ?

- Is it possible to induce behavioral variability ?

- Which role does play the subjects' experimental history, according to the

situations they have been presented ?

We will compare these results according to age.

1 2. Cognitive factors.

Ontogenetic analysis as mean to understanding adult behavior need no

specinl aroumernt, after the demonstration of its usefulnsss by Piaget and

others. It should help us in identifying more accurately crucial variables

at work in behavioral variability in human subjects and in accounting for

*Le;,= ,strate ;es they use when confrontedu with multiple-solutions
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p rot lems.

Tcking into account the evolution of the stages of the

logico-mathematical thought, as described by Piaget and his collaborators,

4 age groups have been choosen:

- 5-6 y.o. subjects, at the pre-operative stage and coming from Nursery

Schools.

~ 9-10 y.o. subjects, at the concrete operative stage and coming from

Primary Schools.

- 14-15 y.o. subjects, at the formal thought stage and coming from General

Secondary Schools (no Technical School subject has been considered).

- Adults, students at the University.

Cognitive factors referred to here include the "mobility of thought',

the hypothesis testing, the anticipation of outcome and the capacities of
.abstractness'. The choice of specific 'cognitive" tasks has been

determined by the possibilities to use at least one task with two

successive age groups, and to adopt a standardized examination procedure.
We have prefered the tasks with a concrete nature ( we wanted to avoid

too many verbal behaviors).

The following "cognitive" tasks have been selected according to the

capacities they allow to assess :

- The seriat4on, the classification and the inclusion quantification tasks

wiV' permit to evaluate the cognitive stage (in the Piagetian

nomenclature) of the 5-6 y.o. and of the 9-10 y.o. They will also allow to

assess their mobility of thought determined by the different criteria

number that the subject uses, successively or simultaneously to arrange

the elements. The difficulty of the tasks is a function of the subject's age
(simple multiplicative seriations; Level I Level It classifications).

- the serial classifications combine in a single situation, the operations

of seiation and of classification, as approached in the classical Piaget's
procedures. These tasks allow, following their authors (Botson and
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Deli6ge, 1976) to eliminate the problems linked to the arbitrary nature of

cltssifications, for a given material, thlre is here only one possible

correct errangement.

Two situations are possible one where the perceptive impression

corresponds to the system logic (perceptive serial classifications) and one

where the perceptive impression conflicts with the reasoning

(non-perceptive serial classifications). According to results already

obtained with these tasks we have decided to use only the perceptive

serial classifications with the 5-6 y.u. and with 9-10 y.o., and only the

non-perceptive serial classifications for the 14-15 y.o. and the adults. We

hcve selected a part of the available items.

The serial classifications will allow to complete the informations

obtained with the Piagetian classification tasks (for Nursery, Primary and

Secondary School subjects) and to assess the 'abstractness' capacities

and the 'mobility of thou-ht" of adults.

- the permutation task (Piagetian task of the formal logic) will be

proposed to adolescents (14-15 y.o.) and to adults. It aims to assess the

rule "abstractness" capacities. The rule generalization capacities and the

capacities to use a systematic procedure in the search of all the .?-ssible

permutations.

- The French version of the Group Embedded Figures Test has been chosen

to differentiate the subjects, according to their field-dependence or

independence. The 'field-independent' cognitive style is determined by the

subject's capacity to percieve one element independently of its context,

and it is linked to the subject's capacity to adopt an analytic attitude in a

problem solving tasK. This test will be proposed only to adolescents and to

adults because there is no French version of it adapted for the children.

At the end of our analysis we will try to establish relations

between the subjects' cognitive capacities, and their performance and

their variability at the Visual Matrix task.
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.METHOD.

2. 1 ubJ ec ts.

We have excluded, from an initial sample, subjects whose data could

not be entirely used (recording errors or "testing" problems). We have kept

t data of some 5-6 y.o. subjects, whose 'cognitive" date were unusable,

Decause of the greater difficulties to obtain complete dota with these

young subjects. Finally, we have 368 subjects in our sample (variability):

- 5-6 UJo. subjects : 79 subjects aged between 4.11 and 5.11 years

(mean ace: 5.5.), coming from 5 nursery schools.

- 9-10 u.o. subjects : 91 subjects aged between 9.2 and 11 years

(mean age : 9.9), coming from 7 Elementary Schools (4 th grade).

-14-15 y.o. subjects (adolescents)- 98 subjects aged between 13.1

and 15.8 years (mean age : 14.8), coming from 5 Secondary schools (3 th

grade)

-adult subjects : 100 subjects e b..e,-;, 3 d .? Le:s

(rnen age : 20.1), all students at the University of Liege.

In each age group, subjects have been, before experimentation, randomly

distributed among five experimental groups, according the design

presented below.

2.2. Materials and procedures.

Subjects have been seen individually three times, at about 24 hours

intervals, in a room of their school.

2.2. 1. Visual Matrix task :

The task is a new version, for human subjects, of the task borrowed

from Vogel end Annau (1973).

The device includes a 4 x 4 matrix and two response-buttons. The

matrix principle is adapted in an animate cartoon style, using a

videoscreen, contolled by a microcomputer (Commodore 54).
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The subject is presented with a bank building with four floors and four

windows, at each floor. A moneybag is visible in the upper left window, at

the biginning of the trial. Any response on the left button has the

consequence of moving the bog to the next window to the right and any

response ot the right button similarly results in a displacement of the bag

one step from top to bottom.

The trial is completed and reinforced when the bag reachs the bottom

right window. This means that the subject has produced a correct sequence

of responses on the two buttons. A correct sequence is defined as a

sequence in which the 'goal' (bottom right window) is reached after six

responses - three on each button - in any of the 20 possible combinations.

No tolerance is made for "extra-responses" that is, any 4th response on a

given button, after the extreme right or the extreme bottom as already

been reached. In such cases, the trial is teminated and another trial is

initiated (the moneybag appears in the upper left window). They are 30

sOs s '2le -,rr-ec -uece. E-erg reirforced sequence is also followed
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'j c ne-P i'c'. Tk-u cre .f~roted bu inter-trioli inte-vals of 05,3 !:econds

>t'me :Ule 'tne'at pusnl orn one Du~tton on~o a new post ibility to ber a

When a sequence is correct, the Dag falls into a wheelbarrow pushed by

a secunityman, who takes it to a safe Each bag put into the safe adds. one

Points, to a counter and the safe fills up a little (always the same unity). If

the sequence is incorrect, the bag falls into the Yr eel bt,.royf, but a thiefs

irrives and takes it awa y.

The microcomputer records the responses as well as the times of

reahlizition and of latency.

Three different mnatrix types Mov~e been investigated

1. Ncrma l Matrix (N) :the matrix and reinforcement principles are

those desCribed above.

2. Random Matrix (P): though the rules remain the samne as for as

sequences of re Sponses are concerned, the visual display does not give any

usefull informttion. After a response, the bag moves randomly to enother

window and no particular wyindow is a "goal'.

3. Normal Matrix with Differential Re9inforcementS(D): the principles

are the scme as in N, except for the rule of reinforcement. A correct

seq~uence is here reinforced if it is different from the two previous ones

(correct or, incorrect).

Five eXperimental groups have been formed from these matrix types:

E -pr'mental Session 1 Session 2 Session 3
groups

I. N N N
2. N R N

3. ND N

5R D N

7



~c ~~i ~er~ tet*o three cessions of F0ec

.. e s tcut 2 4 ou bet-een the secionc'. Cubjects o-f our sornpie ore

distributled imc tie experirnentol groups occording to the following

design

!AGE 1 5-6 Y.O.
!------I!--------I--------I--------I--------I-------
!GROUPS I NN NRN !NDN !DRN RDN I TOTAL
!--------------------------------- ------- ---------- ---------
!FEMALES I 8! 12! 8' 6!1 .3I
!---------------I--------- ------- ------- ------- ------- ------ --------- I
!MALES 7! 6! 8! 7! 8 36!

-- -------- ---- I---- ------------- ------- ------- ---------
!TOTAL 5is 18 1 16 1 13 I 17 1 79

!AGE 19-10 Y.O.
!------ ------- I--------I--------I--------I-------
!GROUPS INNN INRN INDN IDRN IRDN !TOTAL
!------------I--- -------------- ------- ----------------I----------
!FEMALES I 10 1 10 1 9 ! 7 ! 9 ! '5
! --------- I---- ------------- ------- ------ ----------------

'MALES ! 10 I 8 ! 10 1 10 1 8 I46
! --------- I---- ------------- ------- ------ ----------------
!TOTAL I 20 1 18 i 19 1 17 I 17 !91

!AGE I 14--- -- -- -- - 15 Y.O.- - -- - -- - -- - -- - -

-------- I------------------------------------------------

!GROUPS 1 NNN INRN I NDN I DRN IRDN I TOTAL
! -- --------- --- I--- --------------- I------ ------- ---------

!FEMALES 1 12 I 14 I 12 1 9 ! 12 1 59
!------1--------I------------------- ----------- I---------
!MALES SI 6! 7! 12!1 9! 39!1
!------I--------I -------- -------- I--------I-------!I---------!
!TOTAL 1 17 1 20 i 19 I 21 I 21 1 98 1

----------------------------------------------------------------

!AGE I ADULTS
!-------------- I---------------- ------- I--------!---------I
!GROUPS I NNl4 NRN I NDN I DRN I RDN ITOTAL I
! ---------!---- ------------- ------- ------ ----------------

!FEMALES 1 8 1 10! 6! 7! e! 39!
! --------- I---- ------------- ------- ------ ----------------
!MALES 1 13 1 10 ! 14 I 13 1 11 !61
! -------- I----- ------------- ------- ------ ----------------
'TOTAL I 21 ! 20 1 20 I 20 I 19 1 100

Table 1 :Subjects' distributions in each age

group, according to experimental group and to sex.



Sub'ects .4,ere told that 4heir task was to store as many moneybags and

... nzzumuiate as many points as they can, by pressing the two buttons (one

at once).

2.2.2. "ConitPve tnasks.

Besides the Matrix task, subjects have been submitted individually to

tasks aimed at assessirg their cognitive level, 'mobility of thought" and

cognitiye style* • (detailed description of material, procedures and

instructions for each task can be found in Annex, pp.z.-ul)

A) Nursery school subjects : 4 tasks.

1. Simple seriation and intercalation.
2. Free, dichotomic and multiplicative classifications

(level I: 3 criteria of dichotomy).

3. Inclusion quantification.

4. Perceptive serial classifications.

5) Ele.renteru school subjects (4th grade). : 4 tasks.

1. Multiplicative seriation.

2. Free, dichotomic and multiplicative classifications.

a) level 1: 3 criteria of dichotomy

b) level 2: 6 criteria of dichotomy

3. Inclusion quantification.

4. Perceptive serial classifications.

The test aimed at assessing Field-dependent and Field-independent
cognitive styles, has been proposed to adult and adolescents only because,
it the e:qnerlrment tIon time, there was no similar test adapted for children

in Frencn.
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C) -cprnnn scneo subiect. (3th qrde'- 4 tasks.
1. Free, aichotomic and multiplicative

classifications (level 2 : 6 criteria of dichotomy).
2. Non -Perceptive senal classifications.
3. Permutctions.
4. Group Embedded Figures Test (GEFT)

(Field-dependent and field-independent cognitive styles).

D) Adult subjects : 3 tasks.
I. Non-Perceptive serial classifications.
2. Perrnutotions.
3. Group Embedded Figures Test (GEFT).

10



3. RESULTS AND CONCLUSIONS

-4. 1. Vi/sual mat-ix task.

Cues.
Ten cues have been selected to provide optimal information about

performance and behavioral variability in the Matrix Task. Their values are

calculated for each subject and for each session of 50 trials.

1. The Dercentace of crrrect sequences : X C.S.

2. The mean time of realization of one sequence • MTR.

A sequence begins with the first push and ends with the last push on one

of the two response-buttons. Correct sequences and incorrect sequences

are both considered.

3. The mean time of latency : MTL.

It's the time between the moment when a first lamp on the visual

matrix is lighted on and the first push on one response-buttons, that

initiates a sequence.

4. The uncertaintu of seguences : U(S).

This cue is derived from the Information Theorg (Shannon and Weaver,

1948), tha t permits to estimate the information of a message Xi:

( I (XI) = - log2 pl ), wltn pi OeIng equal to the probDollity of occurrence

of Xi in a set of messages : X = { X1, X2, X3....... Xn}. The global

"information" of the set of messages, called uncertainty U(X), is equal to

the weighted sum of the information of the different messages

11



U(X)=- pilog 2 pi
i=1

So wo ,:!culate thp lIncPrtaintu of seouences U(S) on the set of sequences

produced by cne suoject during one session of 50 trials

50 sequence i frequency
U(S)=- pilog2 pi ,withpi=

I=I 50

The unity of this cue is the b.I. since logarithms are In base 2. U(S) is

maximum If all sequences are equiprobable : U(S) = log2 50 = 5.64,. ........ It

is 0, if only one sequence is emitted during the session. It 's use Is to

estimate the general degree of variability of the sequences In a session.

5. The number of different correct seojuences : NCS. (0 to 20).

6. The n-e"rPnti Of correct seouences : Uj' .

20 correct sequence i frequency
U(C.S) - Pji og 2 Pi .vith pi =

i=1 total number of correct sequences
produced by the subject

7. The number of different incorrect sequences : N(L.S.). (0 to 30).

8. The uncertainty of incorrect sequences: UO.S.).

30 incorrect sequence i frequency
U(I.S) - _Pi log 2 pi .vith pi a

i-I total number of incorrect
sequences produced by the subject

9 Thne rercentg. e of the dominant se uence :XD.S

It's the sequence that is the most often emitted by a subject in a session.

! can C!Ifer, for the same subject, from one session to another.

12



'0. The n,.;ryter of 'z-r-st sevuences dif f2,"no from the 2 ore'ctus ones

.cc'rect or incorrect.. NSD 2 .

it corresponds to the mode of reinforcement in the matrix D.

Meen- end star,dard deviations for each cue and for each experimental

group, according to age and to session, can be found in Annex, Ip. u.

(table 2 ole 11). !ndividual date are too large to be included in this

report.

13



3. 1. 1. E;'ects e t1e fict or i.e and of the factor seion.

Results ire presented here for each experimental group.

Ancly.sis of vorionce (ANOVA : F) is completed by two other

stetistical analysis :

- Student t-test for related samples : comparing the evolution of each

cue, according to the 3 sessions, for the some experimental group and the

same age group.

- Student t-test independent samples comparing the evolution of each

cue, according to the 4 age grouDs, for the same experimental group and the

s .me session.

14



3...1. Ee-rneinta rou 'N, N.N. (see fiaure 1 and 2 ,Pp 26-27)

- Performance

In each age group, there is an increase of the %C.S., from the first to

the third session. The 5-6 years old ('y.o.) subjects obtain the lowest X C.S.

in each session (significantly different only for the first session). Their

performance progressively approachs this of the other age groups. The latter

have, at once, very high levels of X C.S. ( > 90%).

The inter-individual differences in the adaptation to the task are

greater for the youngest subjects, as noted by the standard deviations (see

Annex p.s2--i;taole 2 to table 11).

These seems to be a concordance between results obtained on

realization times results on performance : MTR are significantly reduced

tetwveen the f'.rst end the secood Session, for Vfl the a _ groups. Theq are

still decreased for the 5-6 y.o. during the last session. Generally, the
youngests are the lowest and the adults, the fastest (for MTR and MTL).

- Variability

Parallel to the increase of performance, we note an increase of

sequences stereotypy, as globally shown by the cues that estimate the

degree of sequences variability. This is especially marked from the first to

the seccnd session and for the first two age groups.

There is no significant difference between age groups, if we look at

the variability of correct sequences. But we find a slight tendency for the

5-6 y.o. to be more stereotyped and for the 14-15 y.o. to be more variable.

The youngest subjects use, on the contraru. marc incorrect sequences and

are significantly more variable than the other age groups.

15
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3.1.1.2. Exper-rn-ntl oroup N.R.N. (see figure 3 and 4 ,pp. 3 0 - 3 1 ).

- Performence :

The matrix R produces a significant decrease of the performance in

all the age groups. The % C.S. returns to its initial level during the lost

session, for the first three age groups. It rises slightly for the adults.

The 5-6 y.o. constantly obtain the lowest X C.S. The Elementary

School subjects seem to be the most disturbed by the incoherence of visual

cues in R : they show the most important decrease of the % C.S. and then

attain a level similar to the one obtained by the youngest subjects.

Pealization times are also modified by R : they increase from the

first to the second session, except for the 5-6 y.o. whose MTR stays at the

same high level than during the first session. Afterwards, they are

significantly reduced to a lower level than that reached in the first

session, still except for the 5-6 y o. whose MTR remains important. Times of

latency are not so much influenced by R, except for the youngests whose MITL

constantly stay at high levels.

- Variability

For all age group, the variability oi incorrect sequences (U(IS) and

N(IS)) increases significantly with the matrix R. This is consistent with the

decrease of the performance in R and explains, for major part, the increase

of general variability (U (S)) among the 5-6 y.o., the 9-10 y.o. and the adults

(significant only for the first two age groups). Despite the higher variability

of incorrect sequences, global variability (U(S) and % D.S.) remains stable

among the 14-15 y.o. This can be explained by the slight increase of the

correct sequences stereotypy in this ace group, instead of the slight

decrease of this feature in the other age groups.

During the last session, the variability of incorrect sequences is

sgrifi.cntly reduced for all the subjects, while the 5-6 y.o. maintain the

18



hIghest e v'e;.

The 9- iO y.o. end tLhe 14-15 y.o. become more stereotyped then during

the first session and reach the lowest levels for all the correct sequences

variaDility cues.
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3.1.1.3 E-35 er'r., oruH 'N. (see fiour 5and 6 ,pp. 34-3 5).

- Performance

The constraint of var iability in D does not stop the increase of % C.S.

Sublects behave like in the first experimental group NNN even if we observe,

in the present case, differences between age groups during the second

session. Indeed, the first two age groups do not increase their % C.S. as

much as with N in second session and the two others reach a slightly higher

level. But, we may suppose that the differences between age groups are due,

at least in port, to slight differences in the sample of subjects.

--'.--'.- ccount a variability cue that corresponds to

the mode of reinforcement in the matrix D the number of sequences

aTienng ,1crm tne two previous ones (NSD 2 ). It gives, in fact, the real

performance of subjects with D and it allows to assess their adaptation to

the Yen ability requirements.

During the second session, we have a significant increase of NSD2,

for all the age groups, but the percentage do not reach these obtained with

the matrix N in first session ( 32% < 81.5% for the group I; 50,85% < 88 %

for the group 2; 77.5% < C5.62% for the group 3 and 75.46% < 91.57% for the

group 4). The youngests have more difficulties to adapt themselves to the

task in D. It is noted that they already differ in N from the last two age

grouos, on that subject. This observation can be attributed to the hazards of

sarmpiing : the youngests of this experimental grou- produce, at once, more

correct sueqences and are less variable than the youngest subjects of the

first two experimental groups. In D, they are able to raise their variability,

but they do not seem to understand the precise requirements of the task. We

are, prooably, faced with a simple respondent effect of the reduction of the

numrer of reinforcements. It is likely to find, at least in part, the same

phenomena among the 9-10 y.o., even if their performance is better (they

also siO lni,,cantiu differ from the older subjects). Adolescents and adults
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S*:-e sirilor ..- '- :. end show a good odeptotion to the controint of

Except for the first age group, NSD 2 is higner in the thira than in the

first session, suggesting that these subjects are influenced by their earlier

behaviors in D. No inter-age groups difference subsists here.

Realization times are not significantly decreased during the second

sessiun, but they are during the last session. Times of latency are longer in

D ahn In N ;or the 5-6 y.o.

- Variebility :

Te rerix leeds to a significant increase of general variability,

which can be explained, for all the age groups, by the increase of the

veriebilit.u of correct sequences. Except for the adults (decrease of this

feature), the variability of incorrect sequences stays nearly stable, but the

5-6 y.o. have a higher U(SI) than the last two age groups and, like the 9-10

y.o., produce more different incorrect sequences than the other subjects.

in each session, variability raises according to age. The 5-6 g.o. are

rruch more stereotyped. Behaviors of adolescents and adults are comparable

from this point of view.

The matrix D influences the subsequent behaviors of the last age

groups. As mentioned above, their NSD 2 is higher in the third than in the

first session. They also produce more different correct sequences. U(S) and

U(S.C.) are higher (significant only for adults).
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3.1.1 ,4 Eoerirr'eritl CrCuD D.P.N. 'see fi-ure2rad8 ,p, 3 9 - 4 0 ).

- Performance.

a) Matrix D : The % C.S. are similar, for all the age groups, to those

ootained during the first session in the experimental group NNN. So, the

matrix D does not influence the X C.S., as has already been noted in N.D.N.

The percenzage of reinforcement (NSD 2 ) Increeses according to age,

with adolescents end adults reaching conparable levels of performance. The

9-10 y.o. have a NSD 2 closar to these of the older subjects, than in D in the

c.rcn d coccinr. ;or the uoungests, the same comments as for D in NDN can

profb.3bly be noted (difficulties to meet the requirements of the task and

existence of a respondent effect of the number of reinforcements

reduction).

b) Matrx R : Except for the 5-6 y.o., whose % C.S. stays stable, there

is a decrease of this cue in R (significant only for the groups 2 and 4). The

9-10 y.o. again seem to be the most disrupted by the incoherence of visual

cues (see N.R.N.). They are even worse than the 5-6 y.o. (but not

significantly).

c) Matrix N: The % C.S. is significantly increased in all the age

groups. These percentages are higher than those observed during the first

session (significant for the groups 1, 2 and 3) and are similar to those of

the third session in NNN.

In D, realization times are reduced according to age, with the last

two age groups reacting in the same way. The 5-6 y.o. complete the

sequences more quickly during the second session. Their MTR is comparable

to that of the 9-10 y.o. The older subjects do not behave very differently

from each other, but adolescents have a slight tendency to be more rapid and

adults slower. In N, realization times are decreased for all the age groups.

This cue staus at a quite high level for adults, in comparison with the

va;ues it reaches during the third sessions of other experimental groups
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I 's'-.r .!V : c, 1 rnt Irc.m acoiesCents MT.s). Times of latency are

genereily higner for the first t'o age groups.

- V'eriehilitu -

a) Matrix D -The first age group is the most stereotyped and its

general variability can as well be explained by the variability of incorrect

seouences as bu the variability of correct sequences. Looking at the number

of reinforcements (NSD 2 ) they receive, we may assume that their

behavioral variability is less structured (adapted to the contingencies of D)

than that of u, older subjects.

Adolescents and adults are the most variable. The =-I0 y.o. behave in

the same way, though they have a superior U (IS). The global variability of

these three age groups can be explained, for the largest part, by the

variability of correct sequences.

b) Matrix R Global variability decreases in R with regards to D

(augmentation of % D.S. and decrease of U (S), U(C.S.), NSD 2, NCS) among

adolescents and adults. The 14-15 y.o. become the most stereotyped and

adults keep a level of variability of incorrect sequences more important.

The first two age groups stay at a higher level of variability (U(S))

than the older subjects (significant only for the group 2), even if their % D.S.

also increase. Their global variability reflects the variability of correct

sequences and especially those of errors. That feature is particularly

accentuated among the 9-10 y.o. and it goes in the same sense as their bad

performance in R. The youngests adopt less different behaviors with regard

to D, than the 9-10 y.o.

c) Matrix N_ For the last two age groups, the better performance is

parallelled with an increase inthe variability of correct sequences. It is,

indeed, higher here than in R.

The 5-6 y o. become more stereotuped (similar level to this of the

third session in NNN; and the 9-10 y.o. keep a hioh level of global variability
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(tn~ or~still tne most varieble. but not significantly). The U1S)o hs

2 groups decreese in accordance with their better performance, but stoy

5inicntiq Super C(-Utartl the UO.5.) Of fOh iast-twc OT qrmCUe
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7.1.1.5. EePerimertcl group R.D.N. (see figure9 ard 10 ,pp. 43 - 44).

- Performance•

a) Matrix R: The 5-6 y.o. subjects do not seem to be influenced by the

incoherence of visual cues in the first session. They behove in the some way

as with N or D in the first session, and even obtained the highest X C.S. The

most disrupted ere again the 9-10 y.o., with the lowest X C.S. The lost two

age -roups also re.ch lower levels of performance, in comparison with the

other experimental groups.

b) Mlatrix 0: The youngests keep a simiiar X C.S. to that of the first

session. Among the other subjects, the X C.S. increase greatly (significantly

superior to this of the 5-6 y.o.).

Percentages of reinforcement (NSD 2 ) significantlg raise In D for the

groups 2, 3 and 4. The adaptation to the constraint of variability shows a

tendency to increase according to age. But this adaptation to the matrix D

doesn't seem as good here as in the other experimental groups including D.

c) Matrix N : During the third session, the 5-6 y.o. stay at the same

level of % C.S., than during the first session. The others reach higher levels

of reinforcement (> 90% C.S.), like in NNN ( significantly superior to this of

the 5-6 y.o.).

Times of realization and of latency decrease, for all the age groups,

from the first to the last session. The 5-6 y.o. are always the slowest

(significant only for the sessions 2 and 3) and the 14-15 y.o. have a

tendency to be the fastest. Adults get the same levels as those obtained by

the last subjects in the third session.

- Variabilitu :

a) Matrix R : For all 'he subjects, the variability of incorrect

sequences is higher than the variability of correct sequences.

The Primeru School subjects are significantlu the most variable,
31



w1tn regard to correct and incorrect sequences. The S-6 u.o. ocd cdults .re

the most stereotyped Parallel to their good performance (the best of all the

age groups), the youngests show the lowest variability of errors

(significant for U(lS) and NIS).

b) Matrix D : The variability of the 5-6 y.o. stays nearly stable, as

well for correct sequences as for incorrect sequences. They produce more

often their dominant sequences and are significantly more stereoty.ped than

the other subjects, with regard to their correct sequences. The 9-10 y.o. do

not change their variability of correct sequences, but strongly reduce that

of incorrect sequences. This last point can explain why they become globally

less variable than in R. The sequences uncertainties of the last two age

groups increase (significantly for adults). It's the raise of the correct

sequences variability that accounts for it, since the incorrect sequences

variability significantly decreases among these two group.

c) Matrix N : In each age group, global variability and, particularly,

the variability of incorrect sequences are lower during the third session.

The uncertainty of correct sequences is lower in N than in D, for all the

subjects, and is a bit lower than in R, for the first two age groups. lt's

higher than in R for adolescents and adults.

The 5-6 y.o. are the most stereotyped with regard to their correct

seQuences and the most variable with regard to their errors (significant for

the following cues : U(I.S.), N.I.S., U(C.S.)).
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3 1.2. :! e'--; ^-. qo_' 'sent.

Princi pies of analysis.

1. Cornporison of behoviors, occording to matrix t!4pe and, to age.

A. Ne~voe subiects :We compare the retis ottained t'te

matrixes N, R and D in first session, to study spontaneous behaviors

presented bu naive subjects feced with these matrixes.

In each age group, we have assembled the results of subjects who

hove received N in the first session (subjects from experimental groups

tNNl~ NRN rind NDIN), in order to compare the set of their results with those

of subjects who have received R or D in first session (subjects from

experimental groups RDN and DRN). The general profile of results with N in

first se-Ssion is called "global N' (GN).

We also compare the metrixes R and 0, in the first session.

After having assessed, for each cue, the effects of the factor "age'

end of the factor "matrix' (Anova (F)), we compare:

- the three matlrix types inside each age group

- the four age groups faced with each matrix type

(Anova (F) -And Newman-Keuis procedure (NK)).

e. Pre-trcined subjects with the matrix N in first session :We use

the same principles of analysis, to compare the results obtained with the

matrixes N, R and D, by pre-trained subjects in N. So, we take here into

account the second sessions of experimental groups NNN, NRN and NDN.

When- applicatiOn COnditIOMs Of th'ese tests- are not satisfied wh~en variance. are riot tborciogereous

and when 3izet of comparea groupzt are too different; (for example, when naive Ubjectm wiih N in
t ,e firs-, !e!, on (GN) are comrnee with ot4er :ubjec!s). we ute non- pararnetrirtet amd



A. I*i' compare the results obtained with the matrix R in the second

session, according to pre-training in N or in D (subjects from experimental

grouos NcN and DRN) and according to age.

B. We compare the results obtained with the matrix D in the second

session, according to pre-training in N or in R (subjects from experimental

groups NDN and RDN) and according to v?

For A and for B, :e use Studer't-T t.est (t).

C. We compare the results obtained with the matrix N in the third

sessior, according to five possible pre-trainings (NN, NR, ND, CR and RD) and

eccording to age.

We use the same statistical tests than in 1.A.

(for the metns of each cues according to age and to presentation order of

matrix tupe, see table 12 to table 21, in annex rpz3-si)

3. Dom rnt -Sequences.

This cue has been selected for its possibilities to bring more

qualitative informations about the organization of subjects' behaviors.

We give the results concerning the dominant sequences (DS) inside

the different types of analysis described here above,for the first session.

We have distributed all the dominant sequences into four groups,

according to our anterior observations (more frequent DS types) :*

1. Corner sequences (AAABBB or BBBAAA).

2. Diagonal sequences (ABABAB or BABABA).

3. Other correct sequences (AABBBA, BABBAA, ..., for example).

4 Erroneous sequences (AAAA, BBAABB, ..., for example).

*A = one push on the right response- button

B = one push on the left response- button.
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wN ;naiuze the £S distritbution according to matrix type in one age

group. a cccorcing to age for one matrix type. We give the contingency

t.bles, includina the frequencies and the percentoaes for each DS type.

We did not make this analysis for the second and the third session,

because of its exploratory nature. Our purpose was, in fact, to determine the

matrix tqpe effects, ,ccor-.r to !-e, or the DS choice. To o,,,,'.e the

evoiution of the DS distributions in the other sessions, would have imply to

consider individual DS changes and would have need too ccomplex analyses.
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3.1.2.. £"m*,srien of behaviors, accord .o to matriw ftpeu rnd to

Coe.

3.1.2.1.1. Naive subjects (NNN, RDN, DRN) (see figuresl 1, 12, 13
pp.53, 54,55).

- Adult sunjects:

The results of adults show that they are sensitive to environmental

factors and to particular contingencies of reinforcement

- Their percentage of correct sequences is lower in R than in N or in

D and, in the same way, the variability of incorrect sequences (U(S) and

NS) is higher with R then with the two other matrixes.

This suggests that adults' behaviors are disturbed by the incoherence

irandom dispiacemenrt) of light cues.

- These subjects are able to adopt more variable behaviors, when

contingencies of reinforcement require it : the global variability (with

regards to %DS andU(S)) is greater with D, and it can be explained by the

variability of correct sequences (U(CS) and NCS), that is significantly higher

in D then in N or in R.

They show a good comprehension of the constraint of variability

(NSD 2 is the highest In D).

- It's the task in N that takes the lowest time (as well for MTR as for

MTL). MTL are similar for R and D, but MTR is higher with R.

- The DS are significantly differently distributed according to matrix

types. That difference may especially be attributed to R effects : with this

matrix the greatest part of subjects (73.7%) prefer diagonal sequences as

DS, while in N and in D, the subjects prefer corner sequences (respectively,

7.,l % and 60%).

T~n hypotheses can be suggesteI the subjects have not any visual

landmark in R and the eesiest way to solve the problem is to adopt a

motiye' strategy, it's to eeu, just to alternate their pushes on the two

resron se-tbutons. On the other hand, the results may also suggest th a w" ,
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:n r-d wv'.4 -- .er u-e the visual infurniatlion. fIlHoyino the !a;p

c.re n tne matriN.

The subiects show a slight tendency, in D, to choose more often other

seoiences than corners or diagonals as DS, than in DN This is probably one

effect of the variability constraint, but that phenomenon is not very

pronounced in the adults' case.

- td-15 j.o. subects•

- in general, adolescents behave in a similar way to adults. The

number and the variability of incorrect sequences are greater in R and the

variability of correct sequences is higher in D.

Even if the ANOVA according to age factor for each matrix type)

aces not reveal cny significant difference between adults and adolescents,

the latter tend to be more disturbed by the incoherence of light, cues and to

perform better'in N and in D, than adults. On the other hand, they also show a

tendency to be more variable with each matrix type.

- MTR is higher with R than in the other cases.

- As for adults, the DS differ according to matrix type.

In N and in R, we observe the same distributions than for these last

s ujects, but we note a difference between the two age groups in D

adolescents prefer to make other sequences than corners or diagonals. This

remark seems to support the hypothesis we have already suggested,

following which adolescents would tend, in D, to adopt more various

behaviors than the subjects of other age groups.

-9-10 Lio. subiects-

- Like for the older subjects, the number and the variability of

incorrect seqLuences ore hiqIwr in R and -tl varbiiliN acorre¢c sejuence.S

is areater in D.

But the varability of incorrect sequences is here more impor t4ant in
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Dtrr ', " t- . , I, rioiit- of correct sequences is more important in R

t . in N. -:e differenses between mot.-Ies R and D cre not to great for

these subects, as compred to the two groups already described. Both, the

higher variability of correct sequences in R and the less good adaptation to

variability contingency in D, explain why there is no difference between R

and D with regard to the global variability.

-The 9-10 y.o. subjects are much more disturbed by the random

aisplacement of light cues, than are the other age groups : their performance

is significantly inferior and they are more variable (even for correct

sequences) in R.

They have conversely a tendency to be more stereotyped in N and in D, with

regard to correct sequences than the older subjects (however, differences

between age groups aren't significant for this last point).

- MTR and MTL are the lowest in N.

In D, these subjects are significantly slower than the older ones and they

also complete the sequences slower than those in N. No difference between

age groups in R, has been noted as this matrix takes more time to be solved,

for all the subjects.

- Their DS in N are similar to those of adults and adolescents.

In D, they behave in an intermediate way to these two age group (they have

nearly as much corner DS as various DS). In R, their behaviors are not very

different from those of the other age groups (more diagonal DS) but, parallel

to their bad performance in R, they show a tendency to choose more often

erroneous DS (X2 between age groups is not significant) and they have a

percentage of diagonal DS lower than these of the other subjects.

-5-6 u o. subiects

- Contrary to the other age groups, the 5-6 y.o. are not very disturbed

by the incoherence of visual cues in R. Their % CS is similar to the one they

oai " ' -~, N Theu even perform Letter than all the other groups f,.f
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su ... s -.. sc,,ficent 'et-xeeni them ond the lost two oce groups)

They are or they tend (it depends on which cue is being condidered), with

adults, to be the most stereotyped. Tet lower behavioral variability in R con

account for their better performance.

It would be the opposite phenomenon to which we observe among the 9-10

y.o., who are theworst performers and the most variable in R.

- On the other land, they have the greatest difficulties to adopt more

variable behaviors when the reinforcement contingency requires it (their S

CS and NSD 2 are significantly lower than those of other subjects).

They show themselves more variable with D than with N, with regard to the

global variability and to the variability of correct sequences, but it is not

true for ever cue (NCS is not different from those of other matrixes).

However, all these cues ore less important for this age group in N and in D,

than for the other subjects. They are thus the most stereotyped, from this

point of view, with these matrixes, but they are still the most variable with

reoird to incorrect sequences.

- Except the greater variability with D in comparison with N, these

subjects adopt quite constant behaviors, independently of particular

conditions to which they are submitted.

- MTR and MTL are similar for the three matrixes.

The 5-6 y.o. subjects are always slower than the other ones.

- Except in R, where DS are above all diagonal sequences for all the

subjects, the 5-6 y.o. differentiate themselves from the other subjects.

They always emit more diagonal DS. This observation concords with the

remark we pointed out earlier about the constance of their behaviors in all

situations.

They Pdopt the most frequently the "motive" strategy, that leads to

reinforcement in N and in R, without the necessity to link their pushes to

disDiccement of licht cues. They react, in fact, like the other age group in R,

when the vlsual feedback cannot be used to solve the task. That allows them
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............ ..... . . . . if they do not reallu understonr d Vh t is

gcing on. :n tht sense, thsey show a good behavioral adarpttion for their

young age but, in -,,me case, like in D, it does not help them to obtain

reinforcements, because their behavior offers them few possibilities.
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DOMINANT SEQUENCE TYPES

GN

I AGE ! 5-6 Y.O. ! 9-10 Y.O. 1 14-15 Y.O. I ADULTS

IDS I N=49 I Nf=57 I N=56 I N=61

I !- I --------------I------------I-------------I------------
1 1 1 20 ! 49 1 44 44!

I CORNER I 40.80 1 -86.00 1 78.60 1 72.10

S-------------- -- -------------! .------------ ------------ I

! 2 ! 21 ! 4 1 4 1 9 1

I DIAGONAL I 42.90 I 7 1 7.10 1 14.80
I --------------- - -- -------------I--------- ---------------

1 3 1 4! 3! 8! 8

I OTHER ! 8.20 1 5.30 ! 14.30 1 13.10

--- ----------- ---- I-------- ------- I----- ------------ ------------l
I 4 1 4 1 1 1 !

! INCORRECT 1 8.20 I 1.80 ! 1 1
------- - ----------------------------------------------------

R

I AGE I 5-6 Y.O. ! 9-10 Y.O. 1 14-15 Y.O; I ADULTS I
IDS I N=17 N N=17 I N=21 I 14=19
--- ----------- ---- I-------- ------- £----- ------------ ------------

I 1 1 ! ! 1! 1
CORNER I 1 I 4.80! 5.30f

. ...--------------- ------------------ ------------ ! ------------
2 I 17 1 11 1 16 1 14 1

I DIAGONAL I i00 I 64.70 I 76.20 1 73.70 1
--- ----------- ---- I-------- ------- I----- ------------ ------------

3 1 2! 21 2
I OTHER 1 I 11.80 1 9.50 1 10.50
---------- ------------ ------- I------------I------------
S 4 f 4 ! 2 ! 21
! INCORRECT I 1 23.50 I 9.50 1 10.50 1

D

I AGE 1 5-6 Y.O. 1 9-10 Y.O. 1 14-15 Y.O. I ADULTS I
IDS I N=13 . .Nffi17 I N21 I N=20 I

--- ---------- ---- I-------- ------- I----- ------------ ------------ I
11 1 1 8 1 6 ! 12 1

CORNER 1 7.70 1 47.10 I 28.60 1 60.00 I

-I-------------I------------ I ------------ I------------
2 f 10 1 2 1 2 1 3 1

DIAGONAL 1 76.90 1 11.80 I 9.50 1 15 I
-- ------------ --- I--------- ------ I------ ------------ ------------

3 1 ! 7 ! 131 41

OTHER 1 7.70 1 41.20 1 61.90 I 20 1
-I------------I---- ------------------------ ------------ ------------

4 I 1 1 11
INCORRECT 1 7.70 1 ! I 5 1

Fig. 13 : Frequencies and percentages of DS types
according to matrix type, in the first session,
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3.i 2. .. '''' te n osub::ects "-,itn h in firsi.s - ,, -- ,I,,N_ _

KIN). (-ee figures14 and 15 ,PP.58-59).

- Adult subjects

- Globally, the pre-trained subjects with N do not show any

modification in the differences which were observed in the matrixes N, R

and D among naive subjects. It is noted that MTL are similar for uil, three

matrixes and that there is no difference between MTR in N and in D (naive

subjects'MTR was higher in D than in N).

- However, when we compare the cue values in the second session,

with the cue values obtained by naive subjects, it is remarked that

stereotypy tends to be higher with N in the second session. Adults tend to do

less incorrect sequerces in R after N. There is no difference between D after

N and D in first session. We can thus deduce from these results that, for

adults, a pre-training with N facilitates the performance in R, but does not

modify the subjects'capacity to be more variable when contingencies

require it. This pre-training in N probably plays the role of an habituation to

the task.

- 14-15 Ll.o. subjects:

- Differences between matrixes N, R and D in the second session are

similar to those observed in the first session. The pre-training in N seems

to have the same effects as those described among adults : it slightly

increases the stereotypy in N and facilitates the performance in R. However,

it does not modify the subjects'variability in D.

- Like the naive subjects of this age group, adolescents tend to be

generally more variable than the adults and not as good as the latter in the

matrix R.

- -0 11o subiects:

- The number and the variability of incorrect sequences are, also,
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greater in D than in N and in R.

- Differences bet-een n a r.e erd pre-trtined su.: . more

pronounced than among the older subjects.

When we compare the cue values in both situations, it is found that the

performance and the stereotypy are superior with N and with R in the second

sessson. The % CS and the stereopypy are also higher with D in the second

session. The pre-training in N has thus a facilitation effect on the

performance in R. However, in contrast to the two groups described above,

the hebituation to the task interferes with the capacity to adept oneself to

the variabilitu constraint in D.

-These pre-training effects influence the way by which the 9-10 y.o.

differentiate themselves from the other age groups subjects. While in the

first session. the 9-10 y.o. performance was significantly inferior and they

were more variable with R as compared to the other subjects, they do not

behave differently from others with R in the second session. The reverse

phenomenon with the matrix D can be noted.

- Only MTR stays significantly higher in R than in N and in D.

- 5-6 y.o. subjects:

- The pre-trained subjects performance in N is significantly inferior

and theu are more variable in R then in N, while there is no difference

uetween the results with N and with R among naTve subjects.

This observation cannot only be explained by the increase of the

performance and of the stereotypy in N in the second session because, in R,

the pre-trained subjects performance is also inferior and they are more

vereble then the nalve ones. So, contrary to all the other age g')ups, the

pre-training session with N shows a disturbing effect on the 5-6 y.o.

behaviors in R. They become significantly less able performers then the

ot SUCt SWhi1e b C' t e It L best oerormers ,nd the Most st.reo....
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- Li-e for the 9- 10 Y o., t.-. pe-trcnirng with N reduces the 5-6 y.o.

vc-rability in D and they ore again less variable than the other subjects.

- Accoroing to their reactions after N, when they ore submitted to

another experimental situation (R or D) including the some task, it could be

suggested that the 5-6 y.o; have difficulties to change their behaviors for

more adapted ones, once they hove already developed some strategy to solve

the task.

3.1.2.1.3. Effects of different pre-trainings.

- Effects of pre-trainings with N and with D on behaviors in R in

...cond session.(NRN, DRN).

Effects of pre-trainings with N and with R on behaviors in D in

second session.(NDN, RDN). (see figures16 and 17 ,pp.61-62).

No matter which age group is analysed, no significant difference is

found between the cues values of R or D, in second session, according to

subjects' pre-training (respectively, with N or D and with N or R).

However, if we consider the behaviors in R. the following tendencies are

noted :

- For adults and adolescents, the pre-training with the matrix D

seems to have a stronger facilitation effect, than with N, on the

performance in R. t also leads to a higher stereotypy in R. Such an effect

appears more likely to be a related effect to the good performance in R (as

we have seen it in the other analysis including R). It seems unlikely that

such tn effect cnn be attributed to the matrix D itseif So, the pre-training

in D would help the subjects to find more easily a satisfying solution in R.

- For the 9-10 y.o., the facilitation effect of the pre-training in D is

less marked than that of the pre-tralnlng in N Like the nave subjects of
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111 e or'uC, trr: iO ,u. , pre-treinea ,wttn D, are :igntficorLrip re,

, ..e tnd ,hI mnrst %,nrieble in R, .-,,hile there is no difference

between th 9-10 y.o., pre-trained with N, and the other subjects.

It seems that the request of variaoility during the first session, does not

help the 9-10 y.o. to find a good solution in R.

- For the 5-6 y.o., the disturbing effect of the pre-training in D is

less important than that obtained with the pre-training in N. Subjects with

D in the first session behave in a similar manner to the naive subjects in R.

This is probably due to the fact that when matrixes ore more different from

ecch other (it's the ctse between D and R), the youngest subjects'behaviors

are less influenced by their anterior behaviors.

If we consider the behaviors in D. the following tendencies are observed:

- Compared with pre-training in N, the pre-training in R leeds to a

slightly lower variability in D, for adults and adolescents (but the

differences betweeen naive and pre-trained subjects are very small).

- For the 9-10 y.o., the number and the variability of incorrect

sequences in D are higher after the pre-training with R than after N, but the

two tupes of pre-training effects are not different with regard to the

variability of correct sequence (U(CS) and to the performance (NSD 2 ) in D.

- We see the same phenomenon among the 5-6 y.o.

For these last two age groups, the higher number of incorrect sequences

after R as compared to after N, probably reflects their additional trials and

errors to understand the new relations between their pushes and the

displacemenst of the bag.

-ffects of five different ore-traininas on the behaviors in N (NNN,

NRN NDN, DRN, RD). (see fiQures18 and 19 ,pp.6S-66)

- As regards the % CS, the incorrect sequences variability end the

-L, tne 'Two-Wui Af,-, does not reveal anu effect of pre-training. Only
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• he ,ce effect is significant -for oil tnie experimentol groups, the 5-6 y.o.

are tne slowest (ts ccncerns botn MTR end MTL) and less able performers.

The One-Way ANOVA is significant for experimental groups. NRN, NDN and

RDN). Adults and adolescents are the fastest.

- The 14-15 y.o. have a higher incorrect sequence variability after

the pre-training with RD. Except this case, the first hundred trials mainly

influence the correct sequence variability.

- Adults, adolescents and 9-10 y.o., who have been submitted to the

matrix D during the pre-training, show more variable behaviors in N in the

last session. At least two hypotheses can be suggested : firstly, some

subjects having understood that several correct sequences can be used, may

very during the last session to interrupt the task monotony (but if it was

the case, subjects would probably have adopted; the same behaviors in the

third session of NNN); secondly, it is quite possible that some subjects do

not remark the contingencies modification when the matrix N follows the

matrix D. The pre-training which leads to the most variable behaviors in N

is ND, followed by RD, for adults and adolescents. For the 9-10 y.o., it is DR

followed by RD. The pre-trainings which lead to the most stereotyped

behaviors during the last session are NN and NR.

- For the 5-6 y.o., fhe behaviors in N are not modified by a particular

type of pre-training. They are the most stereotyped in all the experimental

group. Except the last session of experimental group DRN, in which the 9-10
- a t o * t .tri.le, aults1 t o o "", ' V-'! ."

during the last sessions. However, no significant differences between age

groups for the experimental groups NNN and NRN are noted.
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3.i.2.2. P~e rc-i end ,,er'ob'litu occordino to -e- end to matrix

t.'ype or to experinmental roup*.

MiT.R rao MTL are not token into account, because results concerning these

two cues evolve in too diverse lines.

a) N, - -rd D in first session:

- These is no significant sex effect among the 5-6y.o. and the

14- 15y.c.

- Among the 9-10 y.o., the sex effect is significant for the % CS

(F(1,90=.-._-r--4.-. p=.036), for NIS (F(1,90)=4.935, p=.029) and for U(IS)

(F( 1,90)=3.719, p=.057): for the three matrix types, the number and the

veriability of incorrect sequences are higher for boys than for girls. The

9-10 y.o. boys are thus less able performers end more variable in their

- The same phenomenon can be observed among the adults, for NIS

(F(1,99)=4.22, p=.04) and for U(IS) (F(1,99)=5.94, p=.02). Moreover, NCS is

here lower for girls then for boys (F(1,99)=5.367, p=.02) in N and in R. (this

is particularly marked in N). This lost difference does not exists in D. Girls

show, thus, a tendency to be more stereotyped than boys, except when

reinforcement contingencies require variability.

- There is no significant difference according to sex with regard to

DS distributions.

b)_N, R and D in second session:

No sex effect is observed.

c) N in third session :

The sex effect is significant only among the 14-15 y.o., but combined

with an interacti.on effect sex x experimental group, for the following cues

t?~e X CS (sex effect : (Fs(1,97)=6,81, p=.O 11; interaction effect

7 T o-Wau ANTyV heke been used here
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1 11,71 , p=O2,NI F(,97)=85.761, p=.004' F(4I,9g7"=4.7'-7,

. - U(SI) ( F',97)=5.1e1, p=.015; Fj(4,97)=4,2_63: o=.003). It

appears that boys of experimental group RDN are less able performers and

more variable in their errors than the girls as well as the other boys, in N in

the third session. That does not allow us to conclude anything.

3.1.2.3. Performance and variability of adults, accordino to study.

type and to matrix type or to experimental group.*

No relation between study type (literary, neutral, scientific)**,

performance and variability can be established in any group studied.

3.1.2.4. Intra-sequence organization : Conditional Uncertaintu of

each reonse, according to age and to rnatrx type***.

The conditional uncertainty of one response x is an evaluation of the

possibility to predict x, according to the x-1 responses (pre-sequence s)

already produced inside a sequence:
2 k

U ( R is) - pi p(RI/sj) log2 p(Ri/sj), with

pi= the probability of the response i (Ri )

p (RDsj)= the conditional probability of R., according to the pre-sequence sj

k= the number of possible different pre-sequences i-I

For the first response, we calculate its uncertainty U(RI) because, in

Two-Way ANOVA

A detailed list of study types can be found in annex p. (,
*** Statistical tests used : ANOVA (F) and Newman-Keuls procedure. These
tests were replaced by non-parametic tests : Kruskal-Wallis (X2 ) and
Mann-Whitney (U) when variances were not homogeneous and when groups
siza; were too different.
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t 's ctse, there is no pre-sequence.

The U(RII and U(,/3, which ore presented, ore meont calculoted on

the set of subiects' results in one session of one experimental group.

Responses of correct and incorrect sequences are taken into account.

During the first session, for each matrix type (GN, R and D) end for

each age group, we see a decrease of the responses conditional uncertainty

U(R/s), from the first to the sixth response (see Figure 20,1).70).

It seems possible to distribute the six responses into two "units",

the first one, grouping the first three responses, can be considered as the

sequence element of variation; the second unit, grouping the last three

re~pcnses can be viewed as the sequence element of regulation (to complete

a correct sequence). U(R6 /s) is never equa! to zero, because there is always,

at least, some incorrect sequences.

The curves form and the differences between age groups vary

according to matrix type. Globally, U (R/s) reflects the results which have

already been described (so, only the main effects will be underlined).

For the matrix N and for all the age group, U(RI) is not maximum and

U(R/s) decreases rapidly, to tend to zero with the last response. U(R/s) is

always the highest among the 5-6 y.o. for the lest three responses (sequence

element of regulation), parallel to their highest level of incorrect

sequences.

URI), U(R2 /s) end U(R3 /s) are similar in N and in R for adults, but

these subjects keep more variable behaviors in R for the last three

responses (more incorrect responses.) We observe the reverse phenomenon

in D: U(RI) is near the maximum and U(R/s) decreases more slowly with

regards to the first three responses. Then it decreases more rapidly to reach

the same U(R5 /s) as in R and the same U(R6 /s) as in N. The distinction

between the two sequence units appears thus very clearly : subjects

especially vary at the teginning of the sequence, but are ebie to adjust their
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rPsrs~Es in . re s .cina se,]uence unit, to r_,rouce correct sequences.

Adolescents' behaviors are riot fundanent aliy different from the

adults'ones (the- are ;!tut a little more variable ;n R).

The 9-10 y.o. are, on the contrary, as variable in R as In D up to R4.

TheN Kevp t m gn 4-vels of LP/s) fr tie l ast -Wo Fes pores, showing

their incapacity to adjust their behaviors in this contingency. Their U(R1)

and U(R/s) are always greater then those of the other subjects (this

confirms our previous analyses).

After their first push, the 5-6 y.o. quickly become more stereotyped

than the other subjects in R end in D. This goes in the same sense as their

grEt M DS in R (diagonal sequences). In D, like in N, their U (R6 Is) stay

higher than in the other age groups.

We do not present the U (Res) for the second and the third sessions,

because the results also agree with those already described. During the

second session, differences between L (Rls), according to age and to

experimental croup, are generally similar to those observed in the first

session but, often, less marked. During the last session, it appears that

U ( 2 /s), U (P3 /s) and U (R4 0s) of experimental group NNNand NRN, are the

lowest (these two groups have also been considered before as the most

stereotypy inductives).

3.1.2.5. Performance, variability and Dominant Sequence changes in

NNN.

We have made this qualitative analysis to explore an hypothesis that

has been suggested by a superficial examination of individual data :subjects

who spontaneously change of DS (one or two times) in the experimental

group NNN, seem to be really more variable than those who keep the same DS

from the first to the lest session.

it hrs nct teen made with the other experimental groups, because it
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,'-uid he,'e seen difficult to ev-luate the respective influences of the

etttit:ces end of the matrix type, on DS chances. We do riot use

s$.itisticai tests here, because of the eXploratory nature of this analysis

and of limited number of subjects in some groups.

Age group 5-6 y.o. 9-10 y.o. 14-15 y.o. Adults
n 15 20 17 21

nl 10 16 10 14
X 66.7 80. 58.8 66.7

n2 5 4 7 7
33.3 20 41.2 33.3

n I number of subjects who keep the same DS.
n2. = number of subjects who changes their DS.

Table 21 : Frequencies and percentage of DS changes according to age.

We have proceeded in the following way : in each age group, we have

sepnarated subjects who keep the same DS from subjects who change, at

least one time, of DS. We have then recalculated the mean results, for each

performance (except MTR and MTL) and variability cue, of these two

sub-groups and we have compared it qualitatively on graphs.

In each age group, we see that it is a minority of subjects who

change their DS during sessions. They are a bit more numerous among

adolescents and a bit less among the 9-10 y.o.

Sub-qrouo mean results, in each agegrouD : (see fig. 22, 23, 24 and 25,

pp. 7 4 - 7 5 ).

Results of adults, adolescents and 9-10 y.o. go in the same sense

- there is no marked difference between subjects who change or not of DS,

with regards to the performance (% CS) and with regards to the incorrect

seauence variabilitu (U (IS) and NIS).
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- r t!e cont;'aru, -te ob .erve reetv'ely important differences between

and to the correct sequence variability (U(CS) and NCS). The greater

variability of subjects who change of OS persist all a!ong the three

sessions. The behaviors of sub-groups show even a slight tendency to

become more differentiated in the third session; subjects with the same

DS becoming a bit more stereotyped and subjects with several DS

becoming a bit more variable.

- for these three age groups, we may thus suppose that, for a same level of

performance, some subjects, (a minority) would be spontaneously more

varianbe than the other one end that this characteristic would remain quite

constant. We pose here the problem of inter-individual differences, in the

intra-individuel behavioral variability context. That was not, of course,

the aim of our study, but we think that further researches would be

necessary to help to nuance the means on which we work.

The 5-6 y.o. results evolve in a different way. In the first session, the

two sub-groups differ, as well for the performance (lower among subjects

changing of DS) as for the variability (higher in any case for these

subjects). But the behaviors of subjects who change their DS tend to meat

these of "stable' subjects, in the second and in the third sessions. DS

changes seem to be linked, among the 5-6 y.o., to problems of task

comprehension and not as it was the case for the older subjects, to a

sporitaneous attitude to vary in a correct way.

After a certain habituation time to the task, necessary for some of

them, the youngest subjects tend thus to behave all in the same manner.

Inter-individue' differences would only aopear later in the ontocenetic

oe.,eloprrent and would remain until adulthood.
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e Yiii first examine the influence of reinforcement contingencies, of

visuol feedbacks and of the experimlaii history, on the adults' and

aoo!escents' behavioral variability. Then, we will see in which way the

younger subj acts' reactions differ from these of the older ones.

Globolly, adults' and adolescents' behaviors show that they are

sensitive to environmental factors.

In the normal situation (N), contingent reinforcement produces some

stereotupy (subjects in N are the most stereotyped, in the first session),

which still increases all along the thnree sessions. But it is important to

note that the stereotypy never becomes complete (subjects always make

several different correct sequences).

The random displacement of visual cues disturbs the two age groups and

increases the incorrect sequence variability (as compared to N, in the first

session). Subnects edjust less well their responses in the second part of

sequences.

The investigation of the DS distribution can help us to evaluate the role

of visual cues and their influence on the sequence form. When no coherent

landmark is available, subjects prefer diagonal DS. This motive strategy

is, in fact, the casiest way to solve the problem. When it is possible, in N

and in D, it seems that subjects prefer to use the visual landmarks to

adjust their responses (to avoid to get out of the matrix). So, we can say

that visual cues help subjects to correctly organize their behaviors.

The e~perimental historu influeces the reactions in R. The normal

situation has a facilitation effect on the performance in R, showing that

the visual Cue tintc hernce takes less importances, when subjects have

aireaou urnaerstooo te tdo5:. Tris facilitation effect is sciii rirore marred

after D, in the first session (not significant) : a greater anterior correct

v c ,ity would help subiects to find more early a sttisfying solution in
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.WIren reinforcement continriencies dernerd it, adults and adolescents

oroduc more vicility (even a bit more than what is required). To adopt

themselves to this constraint, they vary their first three responses

arrangement and adjust the last three ones, to complete a correct

sequence (good behavioral regulation).

We have not encountered marked effects of the experimental history on

the reactions in D. But, a greater variability at a moment of the

pre-training, tends to increase the variability in the normal session

presented in the last session (pro-active effects of D), as it helps

subjects to perform better in R.

The 9-10 -.o. are the most disrupted by the lack of visual landmarks and

tnis leads to increase their variability ( as well for incorrect as for

c .rrect s.quences). If, asthe other subjects, they choose more often

dqcn .. sequences as DS, they also have more erroneous DS. Given their

greater variability and, thus, their lower %DS in R, we may suppose that

tre subjects who discover the motive strctegy, do it later than in the

other Fge groups (probably, after more researches). To make sure of this

hypothesis, an analysis by block of trials (taking into account the

evolution of behaviors) would be necessary.

As for adults and adolescents, a preliminary habituation to the normal

task helps them to perform better in R, but the variability request during

the first sessior: does not.

It is more difficult to incite correct variability among the 9-10 y.o. and

they succeed in only in part. They make more errors and they increase, in

the same time, tnir incorrect sequence variability. We must mention here

that the reactions with the matrixes R and D are less different than among

the cldc- subjects

When variaiiltu is requireo after N, they have still more problems to

adapt their behaviors to this constraint. It does not seem easy for theem to

cnange treir tenav~ors for more aWferentiated ones.
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it is f,:r the 5-6 u.o. trnat the visual cu.es ha-/e the leas;t impcrrterice.

't'?' 0e,~r~O tbq Ie pe.1 fcmes thie moist SE~ereotgpea *wth F". The

exarnination of the DS distribution reveals that 1007o of these subjects

he,%e dieycind! DS in Rt. Even with the other matrix types, theyi choose more

often the motive strategy, es r, means to solve the task without the

necessity to understand what is going on. As it has already been remarked,

they show, in that sense, a good behavioral adaptation for their young age.

But, this strategy is not very useful for the adaptation to the variabilitQ

* constraint, since their behavior offers them few possibilities.

If their variability is a bit higher in D, this is probably attribuable, in

this case, to the intermittence of reinforcement

(respctndant effect of the number of reinforcement decrease). The same

remark can-. be done for some 9-10 y.o. subjects. at least.

The ha bituation to the task in the normal situation interferes with the

subsequent preformance in R or in D.

in shiort, pt rallel to the increase of the performance and of the

variability with age, it seems that the capacity to adopt adapted behaviors

(imore or less variable, but efficient) to the present environmental

coringencies, e~sc imrase; as a-ftuion of~egt

This capacity tppears low among the youngest subjects. It begins to

appear among the 9-10 qyo. (them are sensitive to the variability

constraint, but they do not really seem to understand how to vary their

tehaviors in an optimal way; they are aware of the incoherence of visual

cues in R, but they are not able to do a-bstraction of it). On the other heund,

the ccpacity to differentiate one's belhaviors is wiell develo-ped nrmong

ed.oIescents and tdultS. The older subjects tend to better optimize their

behuaviors, according to the present situation ( mrore stereoityped in N and

in P, wyhen Yaritbilitg is not necessary for reinforcement; more variable if

variability must De prcoduced).
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3.2. i. Aduit subjects (n 100).

1. Description of results for each "coonitive" task.

- Non-perceptive serid clcssification•

The mean number of sucessful items, on the 6 ones proposed, is 4.73

( C=i.27). 61 X of adults correctly complete 5 or 6 items -37 % complete

the totality of items (see Table 2.,P.88)' -

These results are similar to those obtained by Botson end Deli~ge

(1976).

- Permutations:

70% of aduits edopt 3 systematic procedure to execute the totality of

permutations (with 3,4 and 5 elements), are able to underdstand the

calculation principe and to apply it to any number of elements (see Table

3 -p.88).

Subjects are classified into 4 categories•

1. Subjects who do not understand the permutation calculation principle

and who do not apply a systematic procedure to execute permutations.

2. Subjects who do not understand the permutation calculation principle

and who adopt a sustematic procedure to execute permutations, but not to

the totalitu of it.

3. Subjects who do not understand the permutation calculation principle,

but who adopt a systematic procedure to execute the totality of

p ermu t ati ons.

4. Subjects who know the permutation calculation principle and who

sustemeticellu execute the totality of permutations.

*Procedures u=d by subjects in serial cla~sificatiors will not be analuzed, bemu Le of

r&t'LL=icasl diff:ultie tIK& have been met to code them in a reliable rnnr.r (to obtain. nMere

vt C(.1.d rC t[4ro l, 3out their atrategie , b cuse of posible pro-active

effot -cn ",,~ r ^e r,.mame. 69



- jg~~TtG T;

"fnrt-,rc *.o tne filic deoercence or inc2eperncence '.c"n-tive stuie),

tro mrecn co-reci itemn on tine 16- items proposed at the GEFT is 11.95

( 6 =3 8). This mnean is cpproxirmctively the some as the mean (14)

obtained by the subJects semple, that was used to standardize the French

version of the test.

Ore third of edultse cc-, the conscered as very field dependent (see Table

"& shta~.stre-y eern observed in, the other studies concernina this

ccc-:ritive stule, w'~rren are significantly more field dependent then men

.43.5 'S of wornen succeed in 0 to 12 items, as compare to 21.3 If of men;

cnlq 23.1 'A ef women succeed in 17 or le items, as compere to 39.3 %, of

I ,-zr C. Ui z3 , U. 2,J p = .0479).

The studu -tuipe is also significantly correlated to cognitive style

X= 123-47, DF =4, D = .0149) : 46.7 % of "Scientific" subjects succeed in

17 or* 16 items, aS compere to 22,2 % of "neutral' subjects and 21.1 % of

Fle-Irk : there is no difference according to sex or to stiodu type in the

two other cognitive tasks.

2. Po '-t .ons between 'cocnitive' task results.

Correlctions were used only when ttsks results could be considered as

mietesurnble variabilesLso, not for permutations).

There is no significant relation between the number of serial
classlification suc-eeful items -!0. 4te nubrof CcFT coract it4emrs.

3. F.Cetu':'n F be -een "ccritive" tasks re,;ults and cerformance and

v -rcti i , c Ue s OM c11ri x t ask ).

We compare the two tv-es cf tesks, from results of subjects who hae-,,

besn submnitted to the m,.trix .4 in the first session (n=6 1).

One Wou I,',IrVA end Neumnn-Keuls Pr-ocedure were used for each

HAzet e+ Hsof study tupes can be found in Annex , p 1
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r:, c~~~etrc Vtr a_!'itu CCC eOt'C to res5its O,'sftalfled with eecn

presenttt'on of cocnitive ttsks results). Correlations were also Used fhen

taSKs results could be considerea as measurable.

Remark we do not compare the results of subjects who have had R or D in

the first session, because of the limited number of subjects in some

groups (for example : there ere only 4 subjects, with D in the first session,

,l~n scceed Jin 3 or 4 seritl classificetion items -second cateoory).

For adults, there is no significant relation between their cognitive task

resuits, on on;e nanen, and their performance and their variabilitg in N in

f irst tn-e se-Ssion, on the other hand.

3.2.2.~ c !4- , '.,sbiects_(-5

1, Deccri r~tc~n of resullts for ecch "cinonitive" task.

-Citass!;firctior tecsks (Level 11):

For the spontaneous classification, subjects are separated into two

cttecories. in the first one, we group subjects who spontaneously classify

the objects into several juxtaposed under-collections, who divide the

objects into 2 collections (one dichotomy) or who divide the objects into 2

colleCtions, which Cre itselves divided into 2 under--collections. In the

second ceteporu, we group subjects who spontaneously put together, by

triacis and errors, the different u der-collections, according to their

sirritrlu (ona multiplicative- classification) or who directly execute 0

correct mrultiplicative clcssification; for example, the objects

distribution ctrn be represented -es follow

c circlIe s ueclow scueres

uecirc*es blue scutres
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C,,.u 2..6 % o noiescents spontcneousil e,,ecute C multiplicative

classification !n the second part of the task (imposed c-uccessive

dichotomies), they realize, on average, 5.74 correct dichotomies (6=.56)

and, in the third pert (imposed successive multiplicative multiplications),

6.66 correct multiplicative classifications (G =3.22). 80.6% of these

subjects execute the totality of the 6 possible dichotomies and 12.2%

realize between 11 and 15 multiplicative classifications (see Table 5 p.88).

if 56.1. of the subjects adopt a systematic procedure to execute their

rnultilict ive c ssi"ficetions (they choose one dichotomy criterion that

theu cross with the other ones end they do the same with a second as with

a third.., dichotomy criterion,...), 25.5S of the subjects seem to produce

their different classification at random.

- .on-erc eptivs serial classification

The mecn number of successfull items, on the 6 proposed, is 4.37

( 1.46). 27% of adolescents correctly complete the totalitu of items

(see Table 69,14: 37% of adults. However, subjects' distributions do not

differ significantly (see Tables I and 5,p.88).

- permutations :

Adolescents are not good performers as the adults : only 32.7% of

subjects (compared to 70% of adults) know the permutations calculation

principle and ere execute systematically the totality of

permutetlons. Pouits aistrioutio, (Tabie 2) and aooiescentsdistribution

(TeDie 7) are significantly different (X 2 = 30.4365, DF = 3, p = .000).

G Z-: ET :

Their mean correct items at the GEFT is 10.65 ( 4.70). Adolescents

e e sicrn/icantl1 more fieid dependent than adults (seeTable 8,p.89)

(X2 = 24.0, DF = 3-, p = .000).

- There is no difference according to sex, in the four cognitive icsks.
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-C , .,'.," t s.- re:"tjitS.

The numter of serial classification correct items is positively

correleted, with the number of correct dichotomies (( = .3930, p c .00I)

and with the number of GEFT correct items ( = .3003, p .01).

3. Relations between cognitive tasks results and performance end

variability cues.

Only the results of subjects who have ben suDmitted to the matrix N in

the first session are taken into account (n = 57).

The st6etisic,0, antlusis (same as for adults) do not reveal any

significLrnt relation between the edolcscents' performance at each

cognitive task, their perforniance and their variability in N in the first

session.

3.2.3. 9-10 u.o. subiects. (n = 91).

1. Descriotion of results for each "coonitive" task.

-Mi t!inl c .ti',, s tior task:

Subjects are separated into three categories (see Table 8). In the first

one, we group subjects who arrange the elements according to only one

dimension (length or color intensity) or who correctly complete the

example. We group, in the second category, subjects who first arrange the

elements, according to one dimension and who rearrange this first

seriation, according to the second dimension. In the third category, we

group subiects who erranene the element according to the two dimensions,

sirul tanecusly.

* - Level I clsification task includes 6 elements, which can be

dichotoraized according te ? criteria.
- it cl ssif4c=tion task inciudes 16 elements, winch cn be
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"-"... .fU..ects ., n cnr-ngne the elements -ccor"inq to tne
...... ~s'r. O. . Ct ';~ .$uC~e :i'¢v u.

- '. .f -r t-_s.s (Leve I s I end W

zor the spontaneous classifications we use the same categones es

those described for the 14-15 y.o. (see p.s) 16.7% of the 9-1Oy.o.

subiects spontaneously execute a multiplicative classification in the

Level I task, compared to 16.5% in the Level II task (27.6% among the

adoiescents). Differences between the 9-10 y.o. and the 14-15 y.o. for the

Level II task are not significant.

For the second ard the third part of the task, subjects are distributed

into tw c tecries, according to the number of correct dichotomies and to

the number of correct multiplicative classifications they have realized

(rnxima 3 and 3, for the Level i task; 6 and 15 foor the Level II task).

They realize on average, 2.5 dichotomies (6 = .70) and 1.98

multiplicative classifications (G = 1.04), in the Level I task. 61.5% of

sut.jects execute the totality of the three possible dichotomies and 39%,

the totality of the three possible multiplicative classifications (compared

to 69% of the 8-9 u.o. subjects observed by Piaget and Inhelder (1967, p.

211)).

In the Level iH task, they realize an average of 5.26 dichotomies

(6 = 1.00) and 3.65 multiplicative classifications (G = 2.66) compared to

5.74 and 6.56 among the 14-15 y.o., respectively). 56% of subjects execute

-th*totatrq ofte 6 possible dichotomies and 2.2%, between 11 and 15

multiplicative classificatiors (see Table 10,FpM'conpared to respectively,

60.% an 12.2% among the 14-15 y.o.). Differences between the 9-10 y.o.

end adolescents are here sicrnificant (X2 = 12.1447, DF = 1, p= .000F, for

the dichotomies number; X2 = 34 287, DF = 2, p : .000, for the

rnultiplicaetiv9 classifications number).

Girls rea!ize a significantly higher number of Level II multiplicative

..... i. tione than bous 67.9% of the oirls execute from 0 to 5 correct
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r41ti.Aka4Tve ce si rOns and 26.9- e-ecute from 6 to 10, compared

t'. -3.-nc 4.3% , respectively, for the boys ( X2  10.002e, DF 2, p

.057).

- .€ertete serila classification

The mean of successful] items on the 3 ones proposed, is 2.04 (G= .94).

40.7% of subjects succeed in the totality of items (see Table itp.15 in

-ot.on end Delige' results (1976), 30S of the 9 y.o. subjects and 60% of

the 10 u. . suti-ects su.cceed in ths 3 items.

- Inclusion task

E, ceot one suoJect, all the others understand the inclusion notion.

2 t - : ... t.,n "ccanitive" task results.

Te. number of LevelI correct dichotomies is positively correlated with

tne number of correct multiplicative classifications, realized on the same

elements (? = .3081, p! .01). Performance at this task is itself positively

correlated with the number of Level II correct multiplicative

ciassifications (P = .5595, pC .001).

3. Feleticns between "cognitive" tasks results and performance and

Vn'r~ib ilt'j, Ctues.

The results of 57 subjects with N in the first session are taken into

account. As for the two other age groups, there is no significant relation

between the 9-10 y.o. cognitive tasks results, their performance and their

variab'ility in N in the first session.

3.2.4. 5-6 u.o. sub4ets (n 67).

I. Descrictiro of results for etch "coonitive" task".

S tle eiqtion task:
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%bwct, w'do don r-p cofrecI14 &rrange the elerftt exa'npIe$, they

dc!io.:emele the eernents by two or by three; theu forni

the top of steirs, but without taking into account the stairs basis). in the

second category, we group subjects who realize a correct seiation (with

or without the direct insertion of the remaining element).

44.3% of subjects go in the iast category.

- ~ont.'eus classification (Level 1:

In * f'rst time, we have used the same categorization principle as for

the 9-10y.o. Only 9% of the 5-6 y.o. subjects succeed to spontaneously

execute a u.,,,,tiplicative classification (18.7X for the 9-10 y.o.).

Dfffee.ces between age group are not significant.

In a second time, according to the behaviors, that have been observed,

we h-,ve made two other categories, for the spontaneous classification:

I. We group subjects who do not spontaneously realize any classification

(for example : they put the totality or a part of elements into a line; they

essemble some elements to rake a picture);

2. We group subjects who spontaneously execute several

under-coilections, one dichotomy or one multiplicative classification. In

this way it is seen that 17.6- of the 5-6 y.o. subjects do not realize a real

classification, while 62.2% of them succeed. Only 3.9% of the later

subjects execute a multiplicative classification.

They make an average of 1.25 dichotomies (6 = .77) and .29

nrltipicalive classifications (6= .558) (compared to 2.50 and 1.95,

respecti vely,, for the 9-10 y.o.).

Only 6; of them realize the totality of the 3 possible sichotomies and

1.5£, for the totality of the 3 possible multiplicative classifications

(c"r :-"-o' to 61.5% and 42.9%, respectively, for the 9-10 y.c.). Differences

between the two age groups concerned are found to be significant ( 2 =
50.553, DF = 1, p = .000, for the dichotomies number; X2 = 34.921, DF= 1,

p C IO,fr the multiplicative ciassificativne number).
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64.67 of L ~tlaects. m-e 0 or 1 dichotomny, while 35.4S

r-~ 2 -, cicrotorn'es. d-~ o not renize ony correct nuitiphicctiv-

cls,:fic; .on while 253% execute 1,2 or 3 correct multi plicntivs

ciessificetions.

- Perceotive serial clessificotion:

The menn number of successful] items, on the 3 ones prop osed, is 1.0

(6= 1.0~1) 1% 2.04 frc-r the 9-1- y10) Oniy 10.4% of subjects succeed in the

totaiity of' itemns (compnared to 40.7% of the 9-10 y.o.). the youngest

subject-S Perforrmonce is thus significrintlg diffe,-ent from that of the 9- I0

u~ c. (Y:2 =20.e27, DF = 2, p =.000).

Subiects' distribution riccordinc to the number of successful itemrs, has

been esttblisned with other cottegorizotion criteria, es those of the 9-10

u,.o. (-See tebl e 12 ~P-8 9 )

Gnii,, ore Subiect unde-stend the inclusion notion.

-There i s no di f ference riccordi ng to sex, i n the 4 cogni ti ve taisks.

2. P&ntions betwmeen 'coonitive' ttsk results.

The numrber- of correct dichotomies is positively~ correlated with the

number of rnultipiic tive cit-Sssificrtilons (:.3013, p! .01) rind with the

number of correct items, et the perceptive serial claissification

3. Pelntions between "cinitive" trisk re,;tjts eind perforrence and

vcri abil it u cues.

~heresltsof 49 subiects, with N~ in the first session ere considered.

As for the three other aigo, rouDs, there is no significant relation

Sthe 5-5 y~o ccitive tsres!.Iits, their pefrcCP end their

v r t. ~I IU irl N 1n f ir St s E-s i 0n.
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ADULTS I 1 1 ADULTS I 1 1 ADULTS I
S! N=l00 I N=lO0 ! ! ' N=O0 0

0-2 ! 6 1 1 7! 7 0-12 ! 30 1
6.00 1 I 7.00! 1 30.00 !

1 3-4 t 33 ' 2 ' 71 ' 13-16 ! 37 !
I f 33 1 7 1 1 1 37 1

! 5-6 ! 61 1 3 f 16 1 17-18 1 33 !
t 611 1 ! 16! 1 1 33 !

- - - - - - - - - I -- - -- I--------- I - -----------------

1 4 1 70 1
1 70 !

TAB.z 2 TABLE 3 TABLE 4

!1"-15 Y.0! 1 ! 14-15 Y.O! 1 ! 14-15 Y.O!
I N=96 t ' £ N=98 I 1 ! N=98 I

!....!- ! ! '2-----I------I- --------------

1 0-5 ' 39 1 1 0-2 ! 11 ! ! 1 ! 28 !
39.80 ' ! ! 11.20 1 1 ! 28.60 '

! 6-10 t 47"1 ' 3-4 1 33 ! 1 2 ! 12 !
'2 . 48 1 1 ! 33.70 1 | ! 12.20 '

! 11-15 ! 12 1 1 5-6 1 54 ! 1 3 f 26 '
'2 12.:) 1 1 ! 55.10 ! ! ! 26.50 !

----------------- -------------- ''----- ------ I--- --------- '
' 4 ' 32!
! !2 32.70 1

TABLE 5 TABLE 6 TABLE 7

Table 2 : Adults' frequencies and percentages
according to the number of correct items at the
non-perceptive serial claasification task.

Table 3 : Adults' frequencies and percentages
according to the performance in the permutation
task.

Table 4 t Adults' frequencies and percentages
according to the number of correct Items at the
GEFT.

Table 5 : 14-15 Y.O. frequencies and percentages
according to the number of correct multiplicative
classifications (level 1I).

Table 6 : 14-15 Y.O. frequencies and percentages
according to the number of correct Items at the
non-perceptive serial classification tak.

Table 7: 14-15 Y.O. frequencies and percentages
according to the performance In the permutation
task.
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!14-15 Y.O! ! 9-10 Y.O.I ! ! 9-10 Y.O.!
! N=98 1 I I M=91 I ! I N=91

! 0-12 I 58! I 1 I 8 1 0-5 ! 74!
* ! 59.10 ! 1 8.80 81.30

13-16 ! 31 1 I 2 ! 62 f ! 6-10 f 15
1 31.60 1 i 1 68.10 I I ! 16.50I - I - ! ! ! ! - ! ! I -

17-18 1 9 I 3 1 21 1 1 11-is ! 2
9.20 1 1 23.10 1 ! ! 2.20

- --- ------------- I ----------------------

TABLE 8 TABLE 9 TABLE 10

!9-10 Y.O.! 1 5-6 Y.O. I
I N=91 I I ! N=67 I

0-1 I 28 ! 1 0-1 I 41 1
30.80 ! ! I 61.20

2 26! 1 2 ! 19!
28.60 1 1 ! 28.40 1

3 37! 1 3 ! 7!
40.70 I ! I 10.40 1

----------------- -------------------- I

TABLE 11 TABLE 12

Table 8 14-15 Y.O. frequencies and percentages
acording to the number of correct items at the
GEFT.

Table 9 9-10 Y.O. frequencies and percentages
according to the performance in the multiplicative
seriation task.

Table 10 : 9-10 Y.O. frequencies and percentages
according to the number of correct multiplicative
classifications (level II).

Table 11 : 9-10 Y.O. frequencies and percentages
according to the number of correct items at the
perceptive serial classification task.

Table 12 : 5-6 Y.O. frequencies and percentages
according to the number of correct items at the
perceptive serial classification task.

79



* -*."C cC ilVr" tt i S results.

The evolution of the iogico-mnathernaticol thought., occordina to ece, is

attested to t0y the 'co-nitive' tasks results. They seem to reflect wvell the

ctp c'ities of "abstractness" end of anticipation, as well as the mobility of

thought, specific to each age group.

C'-nssificouon tasks (successive dichotomies and successive

mul<icaiveclassificntions) show that the mobility of thought ernd the

cecmes of anticipation and of ebstrtctness' (in other words, the

subjects' can'acitu to consider all the possible classification criteria, the

ccapacity to succlessively modify their arrengement according to these

criteria, trnd the capacity to take simultaneously into account two criteria

of a samne element) increase as a function of age (5-6 y.o; to 14- 15 uo;).

Seriation tasks give the slame results, for the 5-6 y.o. arid the 9-10 yo.
Thus, we encounter a parallel evolution of operative capacities in two

of the elementary logical structures (classification and sediation), as

descrit:ed by Pic-,et and Inhelder (1967).

The acquisition of these capacities mark the subjects' accession to the

concrete operative stage, as does the comprehension of the inclusion

quantification (the quasi totality of our 9-10 yo. subject understand it ).

The performtnces obtained with the perceptive serial classification

task cr~r t~'se oe~vaions(4the 9-10 y.O. cr-e -,le c n

simuitakneouslu several cla~ssification criteria, while it is the case only

for some 5-6 y.o.)

Cloc.sific.tI.on t.ask of Level 11 indicates that the mobility of thought

tiincre:-Seos amrong the 14-15 y.o. But the non-perceptive serial

casslicai:tsk show that it stays at C similar level -.mo-.g adults. The

capacity to test hypotheses also reechs its quesi-maxirnum level amrong

adolescents.

Hc#/ever, aG~ nc. edr-oiEs-cents differ in tkhe permutation task. 0du)ts
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^-r rQi4 -frners in thiS, formt) tu e task, implying the ctpacity to

mc ,s c-'ct-r c n cr-erotion-c and the ctpccit g to consider in thousht ell

trne )Ossivie comnbinttions (combinatorV operations). Adolescents would

not sufficient'iu master the Formal Logic to imoine the totality of the

possible reletions tetw,,een the elements of a system.

With regords to the cognitive styies, the 14-15 y.o. ore more field

dependent Ithan adults. In the two age-groups, females are more field

dependent than males. The enaltutic attitue in a problem solving task

~e~be -nore develoeped omorc adults end, pnrticularly, am-ong males.

' ~ r~ca s cn eion between the subjects' cognitive capacities, and

their performcnce mand vzariobiiitu at the Visual Mlatrix task (with the

nt4~rix IN i "he first session), hes been found, even if both, cognitive

z:t :oiteS *Ind beh avi oral veriabdility, evolve as a function of a ge.

The ctapcctu to vcru his behavior is surely limited by the subjects'

ceneral developmental level and it can not confused with his cognitive

ctipacities.

In conclusion, we want thus to underline that the variability is an

iriherent cha-racteristic of behavior and that it must viewed as a full topic

for, Psychology.
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APPENDIX A

"COGNITIVE" TASKS DESCRIPTION

83



Cze'ti~'eTcks Desrcrinf ion

A. INtirse-u school subjects,

1. Simole! seriation and intercalation. (based on Pieget).

ttenial :6 wyooden sticks of oraduated lenight (5 crn-1O cm).

Procedure : 10. The 9 cm stick is taken away. The task is to seniate the

other five according to lenght

20. If seriation is correct, the child is asked to intercalate

the missing stick in the correct position.

Atiperformorce cf the task (end the procedures employed by the child)

a.,e recorded.

2. Free, dictotomnic anid rnultiplic,-tive clessifications (level I1 3

criteria of dichotomq& (based on Picoet).

Mii'ter-al 8 elerrents that can be sorted on the biasis of size (7 x 7 cm

crnd 7 cm E2.; 3,5 Y, 3,5 cm and 3,5 cm 9), color (blue; yellow), or shape (disk;

sque re).

- A sheet of paper which can be divided in 2 or 4 parts with

two remnoviable partitions.

Proceue : 10 Free clessifications.

-All the eiements are placed in disorderly manner on the table

in front of the child.

- The child is esked to group the etements in any woV he/she

WishES to.

Isruction *You see, these pieces are all mixed up, could you se', in order
--------- therri putting together those thet are alike 9"

-After hs/her first errenigernent, the child is esked to COr
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t:uou Set in order the pieces .=~in, but in another wou,

-------- ':-ts' )'z rc tocrneter those thlt tire alike

20 Diichetornies.

- The element-, are mixed up and the sheet of paper (divided in

2 perts) is placed right in front of the child.

-The child is asked to distribute the elements in two sets.

!uiruction : Could you arrange the pieces by making only two sets

- irl.h/he is asked to make tyet 2 different dichotomnies.

30 1t* 1ct~ classifications.

- The elerrents are mixed together and the sheet of ptaper is

di~ i ot-rts by two removable partition.

- The child is asked to distribute the elements in 4 sets.

instruction: Woula you arrange these pieces in 4 sets; if one takes this
--------- partition (vertical) of f, th e se sets (experimenter

desiginctes sets) must fit together, and if one tekes this
other Partition (horizontal) off, these other 2 sets must fit
too (designates).

- As for the dichotomies, the chiid is asked to make two

edditinal rmutipicative classifications.

- The child is esked to justifq each of his/her performances.

- Actuai performances of the task, the procedures employed by

the child enid his/her iustificat1iors tre recorded.

3I Irclus~i cn ai (besea on Piepet)

_____7 pt;9 ,Vc-:,s C-. cmF b ~tue and -2 ) -;tw.
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- Z~*'~~ ~~AO' I"~u~eethe or eP~pe diksthere

cre somne tiellow trnd somne tblue ,ik.Could you tell me if

, ere -,re more paper disks or more blue disks'.

-The child is requested to justify his/her aniswer.

4. Perceptive serial classificatiofl (developed by Botsort rind Deliige,

~97 6).

Ti ,e tesk is composed of 4 items (the first, is a training item)

E.^cfl series cc-) be dichotomnized at each point according the followirng

propelies :(p~otcngr;phies of ttie meteriel can be found in the second

pr-ooress report, rinrch 1986, annex 2, pp 10- 11).

Trairnmg item.

Spheric / w*U-)ar
smooth /rough

thick /thi n
colorlmz olored

Item i.

T hi ck t thi t
Rough~ IS/ Smot .-

Large I S=al1

uG.qUt T/ irorspbrtflt

Utem 2

Pierced /Whole
cquare /Rourid

Red I Yalo
Pug h /Srm.Wl
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Colored /Colorleis
A.ngular R Found

'Volurcie / Flat
Whole e Firc-d

Procedur-e:

-For eachl item, the sutbie ct is presented with an array of objects Yarying

alcon i rl ierscns His/her t ask is to set in C-rder the objects in

such a way that at any po-Int, the series can be dichotomnically cut, with the

o tlects on one side sharring a common property, but laCking en additional

^nz sha red bq. the ob ect s or, the other side.

Instructi on :"Here are the objects you will order i n a row, one after the
------other, but pauirg attention to the sequence in which you do it.

YcIou ch-ose first, the one that is different from all the others
for whatever reason.*

"Thlenr, you choose onother one so that the first two go together
an~d arE different from rill the ones left for whatever reason.'
*You choose another one so that the first three go together and
are d'ifferent from all the ones left for whatever reason'.

E tC...

-After the construction of each series the child is aSked to justif eaCh

dichotomy.

Instruction : "Tell men what mnakes the first object different from all the
--------- otheirsl; tell' na wihat makEs the first two obiects different

from all the others; etc...'

-If a ser ,es is incorrect, the experimenter corrects it aro the cnlid is

asked to justify each dichotomy again. If hie/she cannot do it, correct

;tczir~are giyen by the expzr-'rrnenter to the child.

-~4=r rec -m h er"=s conStructed bu the chilid and a11 justifications
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. MuThit c~ti:,'e seriotion. (based on Piaget)

_t.__-__ -7 x 7 sticks th-t ctn be serioted on the basis of size (7 graduated

size 4 cm-iO cm) cnd color intensity (7 graduated color intensities for 7

-SK of a determined length).

Frocr-c.re: The task is to sericte all the 49 sticks according both to

size and color intensity.

Instructiorn You :ee t;,.ese sticks, they are of different sizes tra color
intensities. Could you set them in order ? Do as you please".

- If subject does not understand the instruction, he/she is

instruote to set all the wooden sticks in order both from the smallest to

the lon~est, and from the lightest to the darkest.

- If subject can not carry out his/her seriotion the

elpeirenter begin the serition and the subject is asked to complete it.

20 If seriation is correct (with or without the example), the

child is asked to find a certain stick which has both a particular color

intensity ana a particular size.

Actual perforrmances of the task, and the procedures employed by the child

cre recorded.
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2. F-edichrdomic Ond multiplictive qclsfIICPtionS.

a) Level 13 criteria of dichotom.

- tterni ,prccedure ard ins5tructions trc excclUi th',e same as for Nrsey

schlool subiects (described above).

b)) e 1 
'2 - 6 cniteria of dichotomy.

- iterltt : geometricei forms. The characterittics of the eiem-rents ore

di&zrmhn~nted as a function of 6 criteria of dichotomy :round/squtre;

bl1u '' loirqe/smel; thin/thick, pierced/whole; striped/stripeless.

There tre elritys 6 elements for each component of the corresponding

di chot omu.

)- o~e~r e-~d irnstr-tctiorcs are similar to those which are used for the

level 1 classifications.

- But, with this second material, the child can carry out 6 diffe-.?-'

dichotomies and 13~ different mnulipiicative classifications. So, ne/she is

asked to modify his/her dichotomy. (or multiplicative classification) as

mrtany tilmes as he/she can. The experimenter stops requesting

mrodifica,.tions when the child makes 3 sucessive mistakes or repeats 3

timnes in 6 row a dichotomy (or multiplicative classification) he/she has

alreadu carried out, or when his/her reflexion times is longer thon 3

minutes.

- To avoid the problerms of memory, child is given a photography of each

cl tssi f ication he/she has already made.

Actual performencesc, precs-dures employed by the child and his/her

lustifications. are recorded
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, nd instructions identical as those for nursery school

children (described bcve).

4. -Pce~pti-ve serial CiSif jcMlions.

Mnterial, procedure and instructions: identical as those for nursery school

children ( ?.scrited tbove).

C. E-condry scho subjects.

1..re dilchtcmc ond multiplicotive clossifications onlu

tile level *2 classfications.

1M~eri 1,_procedure end instuctions : as described for elementary school

children.

2. Non-perceDtive serial clossifications (developed by Botson

end eieiiice, 1975).

The task consists of 8 items (first and second are training items).

Photogrtphies of the moterial con be found in the Second Progress Report,

mtrch 195S Annex 2, pp 15-19)

Troining item 1.

smooth rough

square / round
blue / red

Trainina item 2.

(Whole / pierced)
Fed blue

£Cere / round
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The rierrect Qlemnent WAZ) t f 4e (bie series5 is round, tlue end
I erc E The 6ara&ternstic wi'h dI ereAate s th" S & &rrenL f ror, the , r

item 1.

k Large small)
Square / round

Biue red

The correct element is red, round and small (all the other elements of the
seres -re irge).

Item 2.

Flat / Volume
Rectangular / Round

Opaque / trensparent

The correct eiernent is transparent, round rnd it is a volume (the other
elements of the series ere flat).

Item 3.

Flat / volume
Rectanoulor / Round

Blue / Red

The correct element is red, round and it is a volume (the other elements of

the se-ies ere flat).

Item 4.

Thin / Thick
Rectangular Round

OptQue / Transparent

T,,e correct e*ement is trensperent, round and thick (the other elements of
the se-ies are thin)

Item 5.

OpeQue / Transparent
Yellow / White

R und / argulor
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Smooth / Rough
,3que / Tron.porent

Round Angular
Pierced / whole

The element wich must be inserted into the series is round, whole, opaque
t-. smooth

2rpceaure : 1 First treinina item.

Subject is presc-ted with an orroy of 4 objects thot very along several

d,,n.ensicns. His/her .. s to set in order the objects in such a wty Ohat

t'. eny pcint, the series cri be dichotornicolly cut, with objects on one side

n comrorn property, but locking tn additional property shored by

itruci)ois: -Tnez.e elements are oli unlike ecch other. You will set them
in en order that I shell explain to you. You choose first, the
elerrent thet is different from all the others on one nf his
chtr, cteistics.., you choose the second one so that the first
two si'are t cornmon property which opposes them to all the
others..., you choose the third one so that the first three
share a common prr.,pertu which opposes them to ell the
others, etc...You wiil verify that, at any point, the

ncement is correct before you sty thot you have finished
it."

20 Second trdirin item.

- On a first occasion, the subject is presented with en array of three

objects tsd his/her task is to set in order these objects (as in the first

trO^ninQ item).

- ne -econj tirre, the subject is presented with 6 other objects and

his/her tesk is to s~ect the object that completes the seies idequatey.

intucI~cn -No-i uou will choose amorg these eiements cne which) ctn be
p'tced at the end of the rooj, so thzt the se!es remnns
correct. !t ,s necessary tnet no matter where we cut, we will
still be eble to find e cifferenice betweer oHi the elements at
le't. trd eH those at .rict.
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- Subject's task is to complete the series by inserting, at a given point, the

appropriate object (at the end of the series for items I to 4, and between 2

objects for items 5 and 6).

instructiors : Simiar to these ones proposed at the second demonstration
-item.

- FCr ea.ch item. after the obiect has been chosen, the subject is asked to

justify nl! the dciotomies of the series.

ente c.se otiect is n;t appropriate, the experimenter gives the

subject the a.pre-priate one and expiains ail the dichotomies.

- For etch item, the chosen object and justifications are recorded.

Pernutations (based on Piaoet).

rotesri.l : 4 disks : I blue, I red, I yellow and I green.

Procedure: 1 Three disks are placed in line in front of the subject.

a) The subject is asked to f irnd the number of permutations

which are possible with 3 disks and to tell how he/she has found this

number.

Instructicns - 'How many different permutations can you do with these
----------- 3 disks ?"

- How did you find this number?'

bA fter-werds, the subject is esked to write the different

permutations on peaer.

2' The subject must find and justify the number of

, ,errnuti . wivi't 4 disks and finally, with 5 disks.
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'~ &-x ~v~de~F~cures T- -t' Field-derinde'it and

field-derjendent cornitive sttjles.

-The french version of the 'Group Embedded Figures Test* (OLTMAN,

cASKIN and WITKKN 1971) shall be employed ('Test des Figures

encnstr~es:P, published by Les Editions du Centre de Psychologie Appl quie,

Paris, Franice , 1965).

- This test consists of compleX, figures in which the subject has to

reczr~zec simnple figure. When the subject hies found it, he/she traces

their outlines with precision end as fast as possible.

There are three parts :the first ptrt is corraposed of 7 items; it corastitues

a trtirning exercise. Each of the others two parts are composed of 9 item~s

Tihe timie limit is, respectively, for the 3 ptrts; of 2; 5 rind 5 minutes.

D. Adult subiects.

1. Non-iiercevtive serial clessifications.

2. Per-mutptions.

3. "Grouo Embedded FiQures Test'.

For etch task, same material, procedure and instructions are used as

for secondary school subjects.
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APPENDIX B

LIST OF TABLES

TABLE 1 : Detailed list of study types.

TABLE 2 : %CS: means and standard deviations according to
experimental group and to age.

TABLE 3 : %DS: means and standard deviations according to
experimental group and to age.

TABLE 4 : NCS: means and standard deviations according to
experimental group and to age.

TABLE 5 : NIS: means and standard deviations according to
experimental group and to age.

TABLE 6 : NSD2: means and standard deviations according to
experimental group and to age.

TABLE 7 : U(S): means and standard deviations according to
experimental group and to age.

TABLE 8 : U(CS): means and standard deviations according to
experimental group and to age.

TABLE 9 : U(IS): means and standard deviations according to
experimental group and to age.

TABLE 10 : MTR: means and standard deviations according to
experimental group and to age.

TABLE 11 : MTL: means and standard deviations according to
experimental group and to age.

TABLE 12 : %CS: - means according to age and to presentation
order of matrix type.

means according to age and to sex, in the
first session (F=females; M=males).

TABLE 13 : %DS: - means according to age and to presentation
order of matrix type.

means according to age and to sex, in the
first session (F=females; M=males).

TABLE 14 : NCS: - means according to age and to presentation
order of matrix type.

means according to age and to sex, in the
first session (F=females; M=males).

TABLE 15 : NIS: - means according to age and to presentation
order of matrix type.

means according to age and to sex, in the
first session (F=females; M=males).

TABLE 16 : NSD2: - means according to age and to
presentation order of matrix type.

means according to age and to sex, in the
first session (F=females; m=males).
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TABLE 17 U(S): - means according to age and to
presentation order of matrix type.

means according to age and to sex, in the
first session (F=females; M=males).

TABLE 18 : U(CS): - means according to age and to
presentation order of matrix type.

means according to age and to sex, in the
first session (F=females; M=males).

TABLE 19 U(IS): - means according to age and to
presentation order of matrix type.

moans 'ccording to age arid to sex, !it the
first session (F=females; M=males).

TABLE 20 MTR): - means according to age and to
presentation order of matrix type.

means according to age and to sex, in the
first session (F=females; M=males).

TABLE 21 : MTL: - means according to age and to presentation
order of matrix type.

means according to age and to sex, in the
first session (F=females; M=males).

TABLE 22 : Means of U(R1) and U(R/s) according to age and to
matrix type, in the first session.

TABLE 23 : %CS, %DS, NCS. NIS, NSD2: ANOVA (age x matrix) in
the first and in the second sessions (after N).

TABLE 24 : U(S), U(CS), U(IS), MTR, MTL: ANOVA (age x
matrix) in the first and irs the second sessions (after N).

TABLE 25 : CS, %DS, NCS, NIS, NSD2: - ANOVA (matrix) and
Newman-Keuls test among the 5-6 Y.O., in the first session.

- Kruskal-Wallis
(matrix) and Mann-Wihtney tests among 9-10 Y.O., 14-15 Y.O.,
ADULTS, in the first session.
(') indicates a significant difference with P(.05.

TABLE 26 : U(S), U(CS), U(IS), MTR, MTL: - ANOVA (matrix)
and Newman-Keuls test among the 5-6 Y.O., in the first
session.

- Kruskal-Wallis
(matrix) and Mann-Wihtney tests among 9-10 Y.O., 14-15 Y.O.,
ADULTS, in the first session.
(1) indicates a significant difference with P(.05.

TABLE 27 : ZCS, %DS, NCS, NIS, NSD2: - ANOVA (matrix) and
Newman-Keuls test for each age group, in the first session.
(') indicates a significant difference with P<.05.

TABLE 28 : U(S), U(CS), U(IS), MTR, MTL: - ANOVA (matrix)
and Newman-Keuls test for each age group, in the first
session.
(') indicates a significant difference with P<.05.

TABLE 29 : CS, %DS, NCS, NIS, NSD2: - ANOVA (age x
pre-training)in the third session.
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TABLE 30 U(S), U(CS), U(IS), MTR, MTL: - ANOVA (age x
pre-training) in the third session.

TABLE 31 : %CS, %DS, NCS, NIS, NSD2: - ANOVA (pre-training)
and Newman-Keuls test for each age group, in the third
session.
(z) indicates a significant difference with Pt.05.

TABLE 32 U(S), U(CS), U(IS), MTR, MTL: - ANOVA
(pre-training) and Newman-Keuls test for each age group, in
the third session.
(') indicates a significant difference with Pt.05.

TABLE 33 : %CS : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.

TABLE 34 : 7DS : ANOVA (age) and Newman-Keuls test for each
experimental group, in each "session, and for each matrix
type, in the first session.

TABLE 35 : NCS : ANOVA (age) and Newman-Jeuls test for each
experimental group, in each session, and for each matrix
type, in the first session.

.,TABLE 36 : NIS : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.

TABLE 37 : NSD2 : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.

TABLE 38 : U(S) : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.

TABLE 39 : U(CS) : ANOVA (age) and Newman-Keuls test for
each experimental group, in each session, and for each
matrix type, in the first session.

TABLE 40 : UIS) : ANOVA (age) and Newman-Keuls test for
each experimental group, in each session, and for each
matrix type, in the first session.

TABLE 41 : MTR : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.

TABLE 42 : MTL : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.
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APPENDIX C

TABLES

1 1 BIOLOGY
! COMPUTER SCIENCE

! I ECONOMICS
I SCIENTIFIC ! ENGINEER

GEOGRAPHY
I MEDECINE
! PHARMACOLOGY

VETERINARY SURGEON
PHYSIOTHERAPY

! I I

------ ------ --------------------------------I

2 ! BUSINESS ADMINISTRATION
! PSYCHOLOGY

NEUTRAL ! UNSPECIFIED I

----------------- --------------------------------

3 ! JOURNALISM
LANGUAGES

LITERARY ! LAW

LITERARY
1 PHILOSOPHY
! HISTORY

TABLE I : DETAILED LIST OF STUDY TYPES
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!MEANS - Z CORRECT SEQUENCES (%CS)

N N N N R N
I 5-6 Y.O.! 74.53 81.73 87.20 1 75.22 58.66 75.55
! 9-10 Y.O.! 87.20 94.26 92.90 I 93.88 67.55 93.77

14-15 Y.O.! 93.00 95.29 96.23 1 93.70 80.11 97.40
I ADULTES! 94.20 93.33 91.52 ! 91.60 80.50 97.50

N D N D
5-6 Y.O.I 81.50 86.87 89.62 I 76.92 73.99 8 8 .N 5

1 9-10 Y.O.! 88 91.15 95.75 I 89 61.41 92.82
1 14-15 Y.O.! 94.90 96.75 99.05 ! 92.50 86.28 97.42

I ADULTES! 91.70 96.84 96.10 ! 91.80 82.20 94.10

I R D N
i 5-6 Y.O.! 78.30 71.17 78.82 !

9-10 Y.O.! 51.50 82.82 94.58 !
I 14-15 Y.O.! 65.60 87.52 92.87 !

ADULTES! 75.70 93.26 97.17 1
------------------------------------------------------------

!STANDARD DEVIATIONS - % CORRECT SEQUENCES (%CS)

N N N N R N
5-6 Y.O.! 26.12 24.34 10.97 ! 22.10 29.16 29.26

9-10 Y.O.! 17.91 19.27 17.13 ! 5.70 19.44 13.73
1 14-15 Y.O.! 6.40 5.47 4.40 1 9.30 19.76 2.68

ADULTES! 4.70 8.61 21.19 11.00 20.04 3.66

N D Nf D R N
I 5-6 Y.O.! 19.10 9.90 14.08 ! 19.90 20.04 10.08
! 9-10 Y.O.! 9.10 5.89 3.76 ! 7.40 18.62 7.71

14-15 Y.O.! 4.20 2.76 1.68 I 6.60 19.38 3.64
I ADULTES! 8.90 3.69 5.21 1 13.70 10.23 20.79

I R D N
1 5-6 Y.O.! 20.60 24.76 18.64 1

9-10 Y.O.! 18.10 13.49 4.62 !
! 14-15 Y.O.! 15.50 14.16 11.03
I ADULTES! 17.70 4.72 3.60 !

Table 2 : % correct sequences : means and standard
deviations, according to experimental group and to
age.
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IHEANS - X DOMINANT SEQUENCES (%DS)
!-I

I N N N N R N !
5-6 Y.O.! 57.06 67.46 67.86 I 54.77 44.11 55.88 1

1 9-10 Y.O.! 57.70 64.80 66.80 ! 59.88 45.44 73.77 1
I 14-15 Y.O.I 52.70 54.58 54.70 1 55.80 59.20 74.80 I
! ADULTES! 61.23 62.47 63.71 1 57.30 51.60 61.10 !

N D N D R N
5-6 Y.O.! 70.12 49.50 70.50 1 36.92 50.46 68.92 I
9-10 Y.O.! 61.15 33.36 55.57 1 23.88 36.94 38.94 1

1 14-15 Y.O.! 52 20.52 39.47 1 20.57 62.66 53.04
I ADULTES! 54 21.80 43.20 1 20.70 61.80 49.10 1

R D N
5-6 Y.O.! 49.52 40.94 61.52 1
9-10 Y.O.! 27.41 31.17 48.82 1 I
14-15 Y.O.! 46 24.47 45.52 1

ADULTES! 57.78 28.52 44.73 1

!STANDARD DEVIATIONS - Z DOMINANT SEQUENCES (%DS)
I-------------------------------------------------------------------------------

N N N N R N !
5-6 Y.O.! 22.70 21.13 25.47 ' 23.00 23.26 23.21
9-10 Y.O.! 24.20 27.13 27.83 ! 23.00 24.29 26.11
14-15 Y.O.! 27.90 25.93 26.84 ! 20.70 24.98 21.89

ADULTES! 26.10 27.47 28.49 ! 24.00 24.00 33.10

N D N D R N
5-6 Y.O.! 24.40 16.00 28.83 ! 18.50 20.88 16.07 !

! 9-10 Y.O.! 22.30 12.77 27.87 ! 11.40 21.17 23.14
f 14-15 Y.O.! 25.50 6.38 29.86 1 7.20 21.85 30.54 !

ADULTES! 26.40 11.19 33.29 ! 5.90 18.72 29.11

R D N
5-6 Y.O.! 18.70 18.33 24.30 1
9-10 Y.Oo, 13.30 17.90 25.94 1

f 14-I5 Y.O.t 21.80 9.14 28.50 !
I ADULTES! 20.30 10.82 26.71 1

Table 3 % dominant sequences means and
standard deviations, according to experimental
group and to age.
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!MEANS - NB. CORRECT DIFFERENT SEQUENCES (NCS)!

N N N N R N
5-6 Y.O.! 5.40 3.93 3.86 1 5.11 5.72 4.50

I 9-10 Y.O.! 6.70 4.20 4.60 1 5.77 6.94 4.83 !
1 14-15 Y.O.1 6.40 5.76 5.94 1 6.20 5.35 3.25
I ADULTES! 6.70 6.00 5.09 1 6.05 6.80 6.45 1! !
! N D N D R N
! 5-6 Y.O.! 3.43 5.25 4.06 1 6.61 5.76 4.46
1 9-10 Y.O.I 5.26 8.57 6.89 ! 11.41 7.70 9.70
1 14-15 Y.O.! 8.10 13.63 9.73 ! 13.33 4.47 7.66
I ADULTES! 7.20 13.55 10.15 1 13.05 4.60 8 i

R D N
5-6 Y.O.! 5.41 5.82 4.52 I
9-10 Y.O.! 8.23 9.58 7.76 !
14-15 Y.O.! 6.47 10.47 7.70 1

ADULTES! 5.15 8.89 7.05 !
------------------------------------------------------------

!STANDARD DEVIATIONS - NB. CORRECT DIFFERENT SEQUENCES (NCS)!

N N N N R H
5-6 Y.O.! 3.10 2.57 2.77 I 3.10 3.44 2.43

9-10 Y.O.! 3.90 3.20 3.73 ! 3.30 2.b7 3.97
1 14-15 Y.O.! 3.90 3.45 3.05 ! 4.40 2.58 2.22

ADULTES! 4.40 4.40 4.01 1 3.80 3.95 5.48

N D N D R N
5-6 Y.O.! 2.30 2.72 3.29 ! 3.30 3.03 2.56
9-10 Y.O.! 2.50 3.18 4.79 1 4.40 2.99 4.42

1 14-15 Y.O.! 5.00 2.S8 4.95 1 3.70 1.66 5.75
AVLLTES! /,.10 4.46 6.22 1 3.90 2.47 6.38

! R D N

5-6 Y.O.I 1.60 2.87 2.45 1
9-10 Y.O.! 2.50 4.31 5.43 I
14-15 Y.O.! 2.70 4.06 4.98 1

ADULTES! 2.50 4.17 4.37 1

Table 4 Nb. correct different sequences : means
and standard deviations, according to experimental
group and to age.
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!MEANS - 3B. INCORRECT DIFFERENT SEQUENCES (NIS)!

N N N N R N
5-6 Y.O.t 5.73 4.33 3.26 t 5.11 9.33 S.22 I

! 9-10 Y.O.! 3.30 2.05 2.10 ! 2.22 9.16 2.16 !
! 14-15 Y.O.! 2.64 1.82 1.47 1 1.90 6.40 .95 !

ADULTES! 2.23 2.00 1.61 1 2.40 5.70 1.05 t

I N D N D B 14

5-6 Y.O.t 3.25 3.62 3.06 1 5.1S 6.53 3.30 t
9-10 Y.O.! 2.87 2.84 1.62 1 3.92 9.17 2.41 1

! 14-15 Y.O.! 1.94 1.63 .47 I 2.61 3.71 1 1
ADULTES! 2.40 1.40 1.36 I 2.90 6.40 1.30 1

R D N
5-6 Y.O.! 5.70 6.29 4.41 ! 1
9-10 Y.O.! 11.41 5.11 2.17 1
14-15 Y.O.! 9.47 3.66 2.14 I !

ADULTES! 7.36 2.84 1.126 1

!STANDARD DEVIATIONS- NB. INCORRECT DIFFERENT SEQUENCES (NIS)!
.. ...------------------------------------------------------------

! N N N N R N i
5-6 Y.O.1 4.00 3.37 2.68 I 3.90 5.66 4.88

9-10 Y.O.! 2.60 3.17 3.83 1 1.80 4.47 3.66 !
14-15 Y.O.! 2.30 2.15 1.41 I 2.10 4.86 .94

ADULTES! 1.80 1.73 1.62 ! 1.70 4.37 1.50 i

H N D N D R N
t 5-6 Y.O.! 2.20 2.50 3.97 1 2.70 3.99 2.49

9-10 Y.O.! 1.60 1,83 1.33 ! 2.40 4.06 2.32 !
14-15 Y.O.! 1.70 1.38 .84 ! 2.10 3.50 1.37 1

1 ADULTES! 2.10 1.63 1.26 ! 3.50 3.01 3.09

R D N
5-6 Y.O.! 4.00 4.52 3.04 !

1 9-10 Y.O.! 3.80 3.62 "1.70 ! !
! 14-15 Y.O.! 3.30 3,36 2.45 1

ADULTES! 3.90 1.86 1.59 I

Table 5 Nb. incorrect different sequences
means and standard deviations, according to
experimental group and to age.
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!MEANS - NB. SEQ. DIFF. 2 PREV. (NSD-.)!

N N N N R N
1 5-6 Y.O.! 12.40 9.13 10.20 12.94 12.55 10.77

1 9-10 Y.O.! 16.20 11.93 11.30 f 16.27 14.16 10.22
1 14-15 Y.O.! 18.30 19.70 20.41 1 16 11.45 9.55
I ADULTES! 15.30 14.09 13.23 " 13.50 14 17.60
S

! D N D R N
! 5-6 Y.O.! 7.81 16 10.06 1 17.23 15 12
1 9-10 Y.O.! 13.57 24.94 19.84 1 31 17.11 27
1 14-15 Y.O.! 20.52 38.42 32.15 ! 35.85 11.33 21.09
1 ADULTES! 15.55 37.95 27.20 1 35.85 9.95 22.90

R D H4
5-6 Y.O.! 14.64 15.64 11.05 1
9-10 Y.O.1 15.58 25 20.17 !
14-15 Y.O.! 11.11 29.66 25.70 1

ADULTES! 9.36 31.15 26.89 !

!STANDARD DEVIATIONS - NB. SEG. DIFF. 2 PREV. (N5L!

N N H N R N
5-6 Y.O.! 8.00 5.42 7.62 ! 7.30 6.03 4.96
9-10 Y.O.! 10.73 10.51 11.12 1 10.80 6.11 9.09
14-15 Y.O.! 12.20 12.28 12.07 ! 11.30 6.41 8.00

ADULTES! 11.60 10.59 11.90 ! 8.60 10.19 15.56

N D N D R N
5-6 Y.O.! 6.90 7.06 8.91 ! 7.60 5.78 5.65
9-10 Y.O.! 7.70 7.21 14.39 ! 9.90 5.61 12.96
14-15 Y.O.! 12.00 5.84 15.51 1 7.20 9.05 15.15

ADULTES! 9.80 7.22 17.02 ! 6.50 7.30 16.03

R D N
5-6 Y.O.! 4.20 5.68 6.09 1

1 9-10 Y.O.! 5.90 9.61 14.48 1
1 14-15 Y.O.! 6.10 9.08 16.69 1
I ADULTES! 5.00 10.17 16.41 1

Table 6 : Nb. sequences different 2 previous ones
means and standard deviations, according to

experimental group and to age.

103



IMEANS - SEQUENCES UNCERTAINTY ( U(S) ) !

N N N N R N
5-6 Y.O.! 2.14 1.57 1.45 ! 2.14 2.72 1.97
9-10 Y.O.! 2.01 1.44 1.40 1 1.75 2.87 1.25
14-15 Y.O.! 2.01 1.81 1.78 ! 1.83 2.10 .96

ADULTES! 1.79 1.67 1.53 1 1.83 2.34 1.66

N D N D R N
5-6 Y.O.! 1.35 2.10 1.36 I 2.69 2.44 1.54

1 9-10 Y.O.1 1.82 2.74 1.90 1 3.34 3.23 2.68 £
1 14-15 Y.O.1 2.10 3.45 2.53 ! 3.52 1.66 1.94

ADULTES! 2.03 3.38 2.48 1 3.48 1.96 2.12

R D N
5-6 Y.O.! 2.25 2.54 1.79 !

9-10 Y.O.! 3.59 3.08 2.16 !
14-15 Y.O.! 2.81 3.21 2.32 1

1 ADULTES! 2.21 2.89 2.12 !

!STANDARD DEVIATIONS - . SECUENCES UNCERTAINTY ( U(S) )
.-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -.

N MN . N N R N
5-6 Y.O.! 1.10 .97 1.11 1 1.07 1.27 1.14
9-10 Y.O.! 1.12 1.09 1.22 1 .94 1.12 1.24
14-15 Y.O.! 1.22 1.08 .96 1 1.00 1.17 .76

ADULTES! 1.16 1.16 1.13 ! 1.04 1.11 1.36

N D N D R N
5-6 Y.O.! .96 .75 1.28 1 .90 1.03 .77

9-10 Y.O.! .96 .67 1.17 ! .77 .98 1.03
1 14-15 Y.O.! 1.12 .30 1.28 ! .53 .88 1.39

ADULTES! 1.17 .79 1.49 1 .53 .84 1.35
., !

R D N
5-6 Y.O.! .94 .98 1.05 1
9-10 Y.O.! .66 .94 1.22

1 14-15 Y.O.! .98 .57 1.88 !
I ADULTES! .98 .70 1.06

Table 7 : Sequences uncertainty means and
standard deviations, according to experimental
group and to age.
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!MEANS - CORRECT SEQUENCES UNCERTAINTY (U(CS))!
9--------------------------------------------------------------------------------------

N N H H R N
5-6 Y.O.! 1.31 .95 .92 ! 1.36 1.68 1.30

9-10 Y.O.! 1.63 1.17 1.18 1 1.46 1.73 1.02 !
1 14-15 Y.O.! 1.71 1.61 1.60 ! 1.60 1.31 .82 !
I ADULTES! 1.52 1.42 1.23 I 1.51 1.62 1.54 !

N D N D R N !
5-6 Y.O.I .75 1.55 .92 1 1.97 1.58 1

I 9-10 Y.O.1 1.37 2.41 1.71 ! 2.94 2.16 2.40 I
I 14-15 Y.O.! 1.88 3.33 2.49 1 3.29 1.12 1.84 1

ADULTES! 1.74 3.29 2.35 I 3.24 1.05 1.93 !

R D IN

5-6 Y.O.! 1.46 1.69 1.05 !
9-10 Y.O.1 2.27 2.52 1.94

14-15 Y.O.! 1.57 2.76 2.01
ADULTES! 1.20 2.59 1.99 !

!STANDARD DEVIATIONS- CORRECT SEQUENCES UNCERTAINTY (U(CS))!

N N N N R N
5-6 Y.O.! .97 .66 .83 ! .83 1.07 .79

9-10 Y.O.! 1.06 .99 1.12 ! .93 .91 1.01
14-15 Y.O.! 1.10 1.00 .93 1 .98 .86 .75

ADULTES! 1.09 1.07 1.14 ! .93 1.01 1.34 1

N D N D R N
5-6 Y.O.! .78 .70 1.01 I .97 .88 .59 !
9-10 Y.O.! .86 .67 1.15 ! .80 .82 1.04 !

1 14-15 Y.O.! 1.10 .32 1.26 ! .56 .67 1.32
ADULTES! 1.05 .76 1.45 I .51 .72 1.39

I !

R D N
1 5-6 Y.O.I .47 .69 .71 I

9-10 Y.O.! .77 .93 1.16
I 14-15 Y.O.1 .90 .77 1.26 1
I ADULTES! .73 .74 1.05 1

Table 8 : Correct sequences uncertainty : means
and standard deviations, according to experimental
group and to age.
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IMEANS - INCORRECT SEQUENCES UNCERTAINTY U(IS) !

N N N N R N I
5-6 Y.O.! 1.94 1.59 1.24 I 1.67 2.48 1.59 I

1 9-10 Y.O.! 1.16 .64 .58 ! .86 2.79 .63 1
1 14-15 Y.O.! 1.0$ .73 .46 I .71 2.12 .25 !
! ADULTES! .88 .78 .53 1 .96 1.88 .36 1
I !

N D N D R N !
5-6 Y.O.t 1.09 1.48 .98 1 1.93 2.23 1.33 !

9-10 Y.O.f 1.13 1.16 .63 I 1.78 2.72 .89 !
I 14-15 Y.O.I .76 .72 .13 1 1.04 1.26 .33 1
1 ADULTES! .94 .50 .47 1 .98 2.36 .12 1
I I

R D N

1 5-6 Y.O.! 1.93 2.07 1.60 1 I.
1 9-10 Y.O.! 3.11 1.93 .98 !

14-15 Y.O.I 2.81 1.33 .77 I
1 ADULTES! 2.47 1.29 .49 1 I
! --------------------------------------------------

!STANDARD DEVIATIONS - INCORRECT SEQUENCES UNCERTAINTY U(IS)

N N N N R N
5-6 Y.O.! 1.07 .94 1.06 ! 1.15 1.29 1.23 I
9-10 Y.O.! 1.03 .95 .96 ! .95 .79 1.04 I

! 14-15 Y.O.! 1.03 .92 .72 1 .94 1.14 .53
I ADULTES! .96 .77 .71 ! .84 1.18 .76

N D N D R N !
f 5-6 Y.O.f .90 .92 1.17 1 .89 .72 .99 !
1 9-10 Y.O.! .74 .94 .75 1 1.00 .75 .97 I
I 14-15 Y.O.! .86 .73 .41 I .96 1.25 .67 !
I ADULTES! .94 .84 .69 I 1.11 .83 .40

R D N
1 5-6 Y.O.I 1.14 .92 .97 ! !
1 9-10 Y.O.! .50 .95 .83 1
I 14-15 Y.O.! .55 1.11 .96 I
I ADULTES! .80 .83 .76 1

Table 9 : Incorrect sequences uncertainty : means
and standard deviations, according to experimental

group and to age.
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tMEANS - MEAN REALIZATION TIME (MTR)

1N N 1 1 R N !
5-6 Y.O.I 4.96 3.00 2.21 ! 5.02 5.17 4.05 !
9-10 Y.O.! 3.46 1.59 1.73 1 3.13 4.06 1.86 

! 14-15 Y.O.1 3.48 1.49 1.29 1 1.98 3.56 1.21 !
ADULTES! 2.34 1.31 1.20 1 1.69 4.1S .97 I! !

14 D 14 D R N
5-6 Y.O.1 6.47 4 3.22 1 6.08 4.30 3.08 1

1 9-10 Y.O.! 2.98 2.29 1.84 I 4.11 3.61 2.05
1 14-15 Y.O.! 1.89 1.71 1.13 1 2.65 3.08 1.15
I ADULTES! 2.10 2.19 1.22 I 2.88 3.40 2.92! !

R D N
5-6 Y.O.! 5.77 4.36 3.55 I
9-10 Y.O.! 5.44 2.71 2.09 !

! 14-15 Y.O.! 3.96 2.05 1.28 !
ADULTES! 5.61 2.19 1.46 I

-------------------------------------------------------------
!STANDARD DEVIATIONS - MEAN REALIZATION TIME (MTR)
----- ---------------------------------------------------

N N N H R N !
5-6 Y.O.! 1.92 1.18 1.12 1 2.47 2.25 3.47

! 9-10 Y.O.! 1.89 .74 1.64 1 1.69 1.86 1.13
14-15 Y.O.! 3.03 1.12 .71 1 1.04 1.33 .71 !

ADULTES! 1.76 .76 .65 1 1.20 2.10 .37! .. I
N D N D R N

5-6 Y.O.! 3.80 2.07 1.65 ! 2.45 1.21 1.15 I
9-10 Y.O.! 2.03 1.02 1.32 I 1.25 1.62 1.26

1 14-15 Y.O.! 1.40 .72 .36 ! 1.66 1.09 .50
ADULTES! 1.64 1.23 .48 I 1.75 1.73 4.05

R D N1
5-6 Y.O.! 2.69 2.22 1.98 !

9-10 Y.O.! 2.77 .92 1.02 1
I 14-15 Y.O.! 1.71 .87 .71 !

ADULTES! 3.55 .94 .58 I
-------- -----------------------------------------------

Table 10 : Mean realization time : means and
standard deviations, according to experimental
group and to age.
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IMEANS - MEAN LATENCY TIME (MTL) !

N N N N R N
! 5-6 Y.O. ! 2.26 1.27 1.53 I 2.27 2.22 2.24 !
1 9-10 Y.O.! 1.22 .81 .93 1 1.06 1.16 .92
I 14-15 Y.O.! 1.38 .74 .74 ! .82 .91 .60 I
I ADULTESI .94 .73 .60 f .73 1.03 .62 !
I !
I N D N D R N I

5-6 Y.O.! 1.99 2.84 1.74 1 2.58 1.79 1.76 I
I 9-10 Y.O.I 1.25 .95 .92 1 1.69 1.25 1.28 I
I 14-15 Y.O.! .90 .88 .84 1 .93 .81 .84 1
I ADULTES! 1.02 .97 .75 1 1.06 1.01 .68 !
! !

R D N
5-6 Y.O.! 1.87 1.73 1.56 1

9-10 Y.O.! 1.80 1.06 1.21 ! !
I 14-15 Y.O.! 1.35 .83 .67 1

ADULTES! 1.73 1.48 .77 I
-- - - - - - - -- - - - - - - -- - - - - - - -- - - - - - -

!STANDARD DEVIATIONS - MEAN LATENCY TIME (MTL) !
I--------------------------------------------------------------------------------------

N N N N R N
5-6 Y.O.! .93 .48 .81 1 1.35 1.29 1.46 !
9-10 Y.O.! .40 .18 .36 1 .48 .66 .43

1 14-15 Y.O.! 1.13 .38 .32 I .37 .42 .23
ADULTES! .65 .34 .18 ! .36 .46 .19 !

! !

N D N D R N
5-6 Y.O.! 1.04 1.88 1.10 1 1.22 .61 .75

! 9-10 Y.O.I .91 .55 .61 1 .62 .57 1.33
I 14-15 Y.O.! .52 .37 .43 1 .36 .35 .74
I ADULTES! 1.16 .41 .41 1 .49 .31 .28 1! !

R D N
I 5-6 Y.O.! .84 .68 .35 1
! 9-10 Y.O.! 1.14 .66 1.47 I
I 14-15 Y.O.I .96 .58 .38 1
I ADULTES! 1.22 1.50 .31 !
I------------- - -----------------------------------------------

Table 11 : Mean latency time : means and standard
deviations, according to experimental group and to
age.
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% CORRECT SEQUENCE (%CS)

GNxx Rxx Dxx nN nR nD

5-6 Y.O. ! 77.06 78.35 76.92 ! 81.73 58.66 86.87 !
9-10 Y.O. ! 89.61 51.52 89 2 94.26 67.5S 91.15
14-15 Y.O. ! 93.92 65.61 92.57 2 95.29 80.11 96.75 !
ADULTS ! 92.55 75.78 91.80 ! 93.33 80.50 96.84 I

------------------------------------------------------------------------
I nnN nrN ndN drN rdN

1 5-6 Y.O. 1 87.20 75.55 89.62 88.15 78.82
I 9-10 Y.O. ! 92.90 93.77 95.75 92.82 94.58
S-14-15 Y.O. ! 96.23 97.40 99.05 97.42 92.87 I
! ADULTS 1 91.52 97.50 96.10 94.10 97.17

! ---------------------------------------------------------------------
I ! nR dR nD rD

! 5-6 Y.O. ! 58.66 73.69 I 86.87 71.17
1 9-10 Y.O. ! 67.55 61.41 ! 91.15 82.82
! 14-15 Y.O. ! 80.11 86.28 1 96.75 87.52

ADULTS ! 80.50 82.20 I 96.84 93.26I I !
---------------------------------------------------------------------

F-GNxx M-GNxx j F-Rxx M-Rxx ' F-Dxx M-Dxx

5-6 Y.O. ! 75.42 79.20 I 82.22 74 2 73 80
9-10 Y.O. ! 91.93 87.21 ! 56 46.50 ! 92.28 86.80
14-15 Y.O. ! 94.10 93.50 2 65.80 65.30 ! 94.40 91.10
ADULTS ! 93.50 91.90 1 81 72 ! 94 90.60 1

---------------------------------------------------------------------------------------------------

TABLE 12 : %CS: - means according to age and to presentation
order of matrix type.

_ means according to age and to sex, in the
first session (F=females; M=males).

. DOMINANT SEQUENCE (%DS)

GNxx Rxx Dxx I nN nR nD* I I !
! 5-6 Y.O. ! 60.48 49.52 36.92 2 67.46 44.11 49.50

9-10 Y.O. 2 59.54 27.40 23.80 ! 64.80 45.44 33.36
14-15 Y.O. ! 53.57 46 20.57 1 54.58 59.20 20.52 2
ADULTS I 57.70 57.70 20.70 ! 62.47 51.60 21.80

---------------------------------------------------------------------
nnN nrN ndN drN rdN

! 5-6 Y.O. 2 67.86 55.88 7Q.50 68.92 61.52
9-10 Y.O. 2 66.80 73.77 55.57 38.94 48.82
14-15 Y.O. 1 54.70 74.80 59.47 53.04 45.52

I ADULTS ! 63.71 61.10 43.20 49.10 44.73
I I
I--------------------------------------------------------------------------I

I nR dR nD rD

I 5-6 Y.O. ! 44.11 50.46 2 49.50 40.94
! 9-10 Y.O. ! 45.44 36.94 ! 33.36 31.17
1 14-15 Y.O. 59.20 62.66 ! 20.52 24.47
I ADULTS 2 51.60 61.80 2 21.80 28.52

---------------------------------------------------------------------
I F-GNxx M-GNxx I F-Rxx M-Rxx I F-Dxx M-Dxx

5-6 Y0 , 60., 910 i%6. 1 .2 61.90 3 22 5 21 4 -9.60.,
14-15 Y.O. 1 55.42 49.66 1 51 39.55 ! 20.80 20.30

I ADULTS ' 60.60 55.80 ! 64 53.20 ! 21.10 20.40 I

#-------------------------------------------------------------------------------------- -------------

TABLE 13 : %DS: - means according to age and to presentation
order of matrix type.

means according to age and to sex, in the
first session (F=females; M=males).
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NB CORRECT DIFFERENT SEQUENCES (NCS)
----------------------------------------------------------------------------

GNxx Rxx DXX nN n n
5-6 Y.O. t 4.65 5.40 6.60 ! 3.93 5.72 5.25 !9-10 Y.O. ! 5.90 8.20 11.40 ! 4.20 6.94 8.57
14-15 Y.O. ! 6.90 6.40 13.30 ! 5.76 5.35 13.63 !
ADULTS ! 6.65 5.15 13 1 6 -6.80 13.55 !

I I.I
---------------------------------------------------------------------------------------------------

! nnN nrN ndN drN rdNI I
!5-6 Y.O. 1 3.86 4.50 4.06 4.46 4.52
9-10 Y.O. I 4.60 4.83 6.89 9.70 7.76

-14-15 Y.O. 5.94 3.25 9.73 7.66 7.70
I ADULTS 1 5.09 6.45 10.15 8 7.05

---------------------------------------------------------------------
YO I nR dR nD rD

5-6 Y.O. S.72 5.76 5.25 5.82
9-10 Y.O. ! 6.94 7.70 I 8.57 9.58
14-15 Y.O. I 5.35 4.47 1 13.63 10.47

! ADULTS ! 6.80 4.60 1 13.55 8.89

----------------------------------------------------------------------I! F-CNxx M-GNxx F-Rxx M-Rxx F-Dxx M-Dxx!I I I !
5-6 Y.O. I 4.50 4.80 1 5.50 5.20 ! 5.60 7.40
9-10 Y.O. ! 6 5.80 ! 7.50 9 I 12.80 10.40
14-15 Y.O. ! 6.50 7.60 1 5.90 7.20 1 13.10 13.50

* ADULTS I 5 7.60 I 4.20 5.80 ! 13.40 12.80 !!I ! I!
-- - - - - - -- - - - - - -- - - - - - -- ! - - - - - - - - - - - -

TABLE 14 : NCS: - means according to age and to presentation
order of matrix type.

_ means according to age and to sex, in the
first session (F=females; M=males).

NB INCORRECT DIFFERENT SEQUENCES (NIS)

! GNxx Rxx Dxx nN nR nD
I ! ,

5-6 Y.O. I 4.69 5.70 5.15 ! 4.33 9.33 3.62
9-10 Y.O. 1 2.80 11.40 4.30 ! 2.05 9.16 2.84 !14-15 Y.O. 1 2.14 9.47 2.61 I 1.82 6.40 1.63
ADULTS ! 2.30 7.30 2.90 1 2 5.70 1.40 I

--------------------------------------------------------------------- I
nnN nrN ndN drN rdN

5-6 Y.O. ! 3.26 5.22 3.06 3.30 4.41 I
1 9-10 Y.O. 1 2.10 2.16 1.62 2.41 2.17
1 14-15 Y.O. I 1.47 .95 .47 1 2.14
I ADULTS I 1.61 1.05 1.36 1.30 1.26

---------------------------------------------------------------------
I nR dR ! nD rD

l 5-6 Y.O. I 9.33 6.53 1 3.62 6.29
9-10 Y.O. 1 9.16 9.17 I 2.84 5.11
14-15 Y.O. 1 6.40 3.71 1 1.63 " 3.66
ADULTS I 5.70 6.40 1 1.40 2.84 I

I-------------------------------------------------------------------------I
I F-GNxx M-GNxx ' F-Rxx M-Rxx F-Dxx ?-Dxx

S-F Y.O. l 4.40 5 I 5.60 5.70 ! 5.50 4.80 
9-10 Y.O. 1 2.40 3.20 1 10.30 12.60 1 3.40 4.90 I
14-15 Y.O. 1 1.97 2.50 I 8.6.0 10.50 I 2.30 2.80
ADULTS I 1.80 2.60 I 6.20 8.10 ! 2 3.30

-----

TABLE 15 : NIS: - means according to age and to presentation
order of matrix type.

- means according to age and to sex, in the
first session (F=females: M=lales).
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NB. SEOUENCES DIFF. 2 PREV. (NSD2)

GNxx Rxx Dxx nN nR nD

5-6 Y.O. ! 11.10 14.64 17.23 i 9.13 12.S5 16
9-10 Y.O. ! 15.35 15.58 31 11.93 14.16 24.94
14-15 Y.O. ! 18.25 11.52 35.85 1 19.70 11.45 38.42
ADULTS ! 14.81 9.36 35.85 1 14.09 14 37.95
! !

---- -------------------------------------------------------------I
nnN nrN ndN drN rdN £

5-6 Y.O. ! 10.20 10.77 10.06 12 11.05
9-10 Y.O. ! 11.30 10.22 19.84 27 20.17
14-15 Y.O. ! 20.41 9.55 32.15 21.09 25.70

ADULTS ! 13.23 17.60 27.20 22.90 26.89

I---------------------------------------------------------------------------------------------------! nR dR, nD rD

5-6 Y.O. ! 12.55 15 1 16 15.64
9-10 Y.O. ! 14.16 17.11 ! 24.94 25
14-15 Y.O. ! 11.45 11.33 ! 38.42 29.66
ADULTS I 14 9.95 ! 37.95 31.15
! - !

--------------------------------------------------------------------- I
F-GNxx M-GNxx I F-Rxx M-Rxx . F-Dxx t-Dxx

5-6 Y.O. ! 10.89 11.38 ! 16.77 12.25 I 14.33 19.71
9-10 Y.O. ! 16.79 13.85 1 15.33 15.87 ! 31.28 30.90
14-15 Y.O. ! 16.63 21.66 ! 10.25 13.22 ! 36.11 35.66

ADULTS ! 13.16 15.89 ! 8.37 10.09 ! 36.57. 35.46

-------------------------------------------------------------------

TABLE 16 NSD2: - means according to age and to
presentation order of matrix type.

means according to age and to sex, in the
first session (F=females; M=males).

SEOUENCES UNCERTAINTY (U(S))

I GNxx Rxx Dxx I nN nR nD

! 5-6 Y.O. ! 1.80 2.20 2.60 1 1.57 2.72 2.10
9-10 Y.O. 1 1.86 3.59 3.34 ! 1.44 2.87 2.74
14-15 Y.O. 1 1.97 2.81 3.52 1 1.81 2.10 3.45

I ADULTS ! 1.89 2.21 3.48 1 1.67 -.2.34 3.38

------------------------------------------------------ --------------I
! ! nnN nrN ndN drN rdN

! -5-6 Y.O. ! 1.45 1.97 1.36 1.54 1.79, 9-10 Y.O. 1 1.40 1.25 1.90 2.68 2.16
14-15 Y.O. 1 1.78 .96 2.53 1.94 2.32
ADULTS ! 1.53 1.66, 2.48 2.12 2.12

I !
I------------------------------------------------------------------------------I

! nR dR nD rD

1 5-6 Y.O. 1 2.72 2.44 I 2.10 2.54
! 9-10 Y.O. 1 2.87 3.23 ! 2.74 3.08
14-15 Y.O. 1 2.10 1.66 I 3.45 3.21

i ADULTS ! 2.34 1.96 I 3.38 2.89

-------------------------------------------------------------------------- I
F-GNxx M-GNxx ' F-Rxx M-Rxx ,F-Dxx -Dxx

5-6 Y.O. 1 1.80 1.90 1 2.30 2.20 ! 2.50 2.80
9-10 Y.O. 1 1.89 1.84 1 3.32 3.88 ! 3.40 3.25
14-15 Y.O. l 1.86 2.22 I 2.58 3.12 ! 3.43 3.58
ADULTS I 1.58 2.08 1 1.90 2.40 ! 3.47 3.48

----------------------------------------------------------------------

TABLE 17 U(S): - means according to age and to
presentation order of matrix type.

means according to age and to sex, in the
first session (F=females; M=males).
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CORRECT SEQUENCES UNCERTAINTY (U(cS))

* ! GNxx Rxx Dxx nN nR nD

5-6 Y.O. I 1.15 1.46 1.97 ! .95 1.68 1.55
9-10 Y.O. ! 1.49 2.27 2.94 ! 1.17 1.73 2.41
14-15 Y.O. ! 1.73 1.57 3.29 ! 1.61 1.31 3.33
ADULTS 1 .59 1.20 3.24 1 1.42 1.62 3.29
! - t

------------------------------------------------------------------------------ I
I nnN nrN ndN drN rdN

5-6 Y.O. 1 .92 1.30 .92 1 1.05
9-10 Y.O. ! 1.18 1.02 1.71 2.40 1.94
14-15 Y.O. 1 1.60 .82 .2.49 1.84 2.01
ADULTS I 1.23 1.54 2.35 1.93 1.99 f

-----------------------------------------------------------------
I nR dR nD rD

5-6 Y.O. 1 1.68 1.58 ! 1.55 1.69
9-10 Y.O. ! 1.73 2.16 I 2.41 2.52

1 14-15 Y.O. I 1.31 1.12 ! 3.33 2.76
ADULTS ! 1.62 1.05 I 3.29 2.59

-- - - - -- - - - -- - - - - -- - - - -- - - - - -- - - - -- - - - -

! F-GNxx M-GNxx * F-Rxx M-Rxx F-Dxx M-Dxx

5-6 Y.O. ! 1.13 1.17 1 1.52 1.39 ! 1.59 2.29
9-10 Y.O. : 1.54 1.44 ! 2.12 2.43 I 3.20 2.77 f
14-15 Y.O. ! 1.62 1.94 1 1.39 1.81 ! 3.25 3.32 !

ADULTS ! 1.34 1.76 1 .95 1.38 1 3.29 3.21

TABLE 18 U(CS): ''- means according to age and to

presentation order of matrix type-
means according to age and to sex, in the

first session (F=females; M=males).

INCORRECT SEQUENCES UNCERTAINTY (U(IS)j

! GNxx Rxx Dxx 9 nN nR nD

5-6 Y.O. ! 1.56 1.93 1.93 f 1.59 2.48 1.48
9-10 Y.O. ! 1.06 3.11 1.78 1 .64 2.79 1.16
14-15 Y.O. 1 .83 2.84 1.04 I .73 2.12 .72

ADULTS 1 .93 2.47 .98 .78 1.88 .50

----------------------------------------------------------------
I nnN nrN ndN drN rdN

5-6 Y.O. ! 1.24 1.59 .98 1.33 1.60 1
9-10 Y.O. 1 .58 .63 .63 ".89 .98
14-15 Y.O. ! .46 .25 .13 .33 .77 !

ADULTS I .53 .36 .47 .12 .49 f

----------------------------------------------------------------
nR dR nD rD

5-6 Y.O. 1 2.48 2.23 1 1.48 2.07
9-10 Y.O. 1 2.79 2.72 1 1.16 1.93

! 14-15 Y.O. ! 2.12 1.26 I .72 1.33
ADULTS 1 1.88 2.36 1 .50 1.29 1

--------------------------------------------------------------------- I
! F-GNxx M-GNxx F-Rxx M-Rxx I F-Dxx M-Dxx I

5-6 Y.O. 1 1.48 1.67 1 2.07 1.78 2.08 1.-9
9-10 Y.O. g .89 1.23 I 2.95 3.29 1 1.53 1.9 Fs
14-15 Y.O. 1 .76 .96 I 2.63 3.12 1 .90 1.15
ADULTS 1 .65 1.11 1 2.22 2.66 1 .67 1.15

I I!
I--------------------------------------------------------------------------I

TABLE 19 U(IS): - means according to age and to
presentation order of matrix type.

means according to age and to sex, in the
first session (F=fenales; M-males).
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MEAN REALIZATION TIME (MTR)

! ! GNxx Rxx Dxx nN nR nD

5-6 Y.O. ! 5..a7 5.77 6.08 ! 3 5.17 4
9-10 Y.O. 3.20 5.44 4.11 ! 1.59 4.06 2.29

! 14-15 Y.O. I 2.40 3.90 2.62 1 1.49 3.56 1.71
! ADULTS ! 2.05 5.65 2.80 | 1.31 4.15 2.19
£ !
---------------------------------------------------------- --------------- I

! nnN nrN ndN drN rdN

1 5-6 Y.O. 1 2.21 4.05 3.22 3.08 3.55
I 9-10 Y.O. ! 1.73 1.86 1.84 2.05 2.09
14-15 Y.O. ! 1.29 1.21 1.13 1.15 1.28

ADULTS I 1.20 .97 1.22 2.92 1.46

---------------------------------------------------------------------
! nR dR nD rD

1 5-6 Y.O. 1 5.17 4.30 I 4 4.36
! 9-10 Y.O. I 4.06 3.61 ! 2.29 2.71
! 14-15 Y.O. 1 3.56 3.08 1 1.71 2.05
! ADULTS ! 4.15 3.40 1 2.19 2.19
9 I I I
-- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - -

! F-GNxx M-GNxx I F-Rxx M-Rxx F-Dxx M-Dxx

5-6 Y.O. ! 5.55 5.37 I 6.12 5.38 I 7.03 5.26
9-10 Y.O. ! 3.30 3 I 5.74 5.10 1 4.65 3.74
14-15 Y.O. 1 2.57 2.04 ! 4.41 3.36 1 3.52 1.94
ADULTS ! 1.88 2.16 " 5.09 6.03 ! 2.59 - 2.91 I

TABLE 20 MTR): - means according to age and to
presentation order of matrix type.

_ means according to age and to sex, in the

first session (F=females; M=males).

MEAN LATENCY TIME (MTL)

GNxx Rxx Dxx nN nR nD I! ! I I
! 5-6 Y.O. 1 2.18 1.87 2.58 1 1.27 2.22 2.84
1 9-10 Y.O. I 1.18 1.80 1.69 1 .81 1.16 .95
14-15 Y.O. 1 1.02 1.26 .93 I .74 .91 .88
ADULTS 1 .90 1.73 1.06 I .73 1.03 .97 I!I I

---------------------------------------------------------------------
nnN nrN ndN drN rdN! I

1 5-6 Y.O. I 1.53 2.24 1.74 1.76 1.56
1 9-10 Y.O. 1 .93 .92 .92 1.28 1.21
! 14-15 Y.O. 1 .74 .60 .84 .84 .67
I ADULTS 1 .60 .62 .75 .68 .77

---------------------------------------------------------------------
nR dR nD rD

5-6 Y.O. I 2.22 1.79 1 2.84 1.73
1 9-10 Y.O. I 1.16 1.25 I .95 1.06
14-15 Y.O. I .91 .81 1 .88 .83
ADULTS I 1.03 1.01 I .97 1.48

---------------------------------------------------------------------
I F-GNxx M-GNxx F-Rxx M-Rxx ! F-Dxx M-Dxx I! ! ! !

! 5-6 Y.O. I 2.50 1.74 I 1.71 2.05 1 2.35 2.78
1 9-10 Y.O. 1 1.19 1.18 I 1.54 2.09 I 1.58 1.76
14-15 Y.O. 1 1.11 .83 I 1.39 1.10 1 1.11 .79 !

! ADULTS 1 .70 1.03 I 1.30 2 1 1.09 1.04
f I
-------------------------------------------------------------------------- I

TABLE 21 : MTL; - means according to age and to presentation
order of matrix type.

means according to age and to sex, in the
first session (F=females; H=males).
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CONDITIONAL UNCERTAINTY OF RESPONSES (U(R/s)

RI R2 R3 R4 R5 R6 !

I GN
II . I

1 5-6 Y.O. ! .54 .37 .32 .36 .19 *10 I
1 9-10 Y.O. 1 .65 .38 .38 .24 .13 .05 1
114-15 Y.O. ! .72 .42 .39 .25 .12 -03 1
1 ADULTS I .65 .46 .36 .24 .10 .04 1

S----------- ------------------------------------------ 1
I R

1 5-6 Y.O. ! .79 .38 .38 .25 .23 .21 I
9-10 Y.O. 1 .84 .70 .59 .56 .54 .42 1

!14-15 Y.O. 1 .65 .61 .54 .42 .37 .23
ADULTS I .62 .44 .41 .35 .22 .16

- - --- ------------------------------------------ I
D

I I

5-6 Y.O. I .80 .52 .40 .49 .29 .20 !
1 9-10 Y.O. I .89 .77 .78 .44 .32 .11 1
!.14-15 Y.O. ! .92 .88 .75 .49 .37 .07 !

ADULTS ! .93 .89 .81 .46 .29 .06 !

TABLE 22 : Means of U(RI) and U(R/s) according to age and to
matrix type, in the first session.
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CORRECT SEQUENCES (%CS)

!ANOVA (AGE X MATRIX)
! - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

!NAIVE SUBJECTS ! FACTOR AGE : F 3,352)= 11.29 : p(.0000
FACTOR MATRIX F(2,352) 62.85 : p1.0000

! AGE X MATRIX F(6,352)= 9.52 : p<.O000

'PRE-TRAINED SUBJECTS I FACTOR AGE : (3,207)=969: p4.0000
FACTOR MATRIX : F (:207) =37.22: P.0000

I AGE X MATRIX : F(6,207)=9.62 : p(.0000

% DOMINANT SEQUENCE (%DS)

!ANOVA (AGE X MATRIX)! -- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - -
!NAIVE SUBJECTS I FACTOR AGE : F3(352 2.486 : p<.06

i FACTOR MATRIX : F2,352, 66.16 : p.O000
I AGE X MATRIX : F(6,352)= 3.49 : p(.002

!PRE-TRAINED SUBJECTS ! FACTOR AGE NE
! FACTOR MATRIX : F(2,207)= 41.33 p(.O0000
AGE X MATRIX : F(6,207)= 4.29 : p(.0000

NB CORRECT DIFFERENT SEQUENCES (NCS)

!ANOVA (AGE X MATRIX)

!NAIVE SUBJECTS ' FACTOR AGE : F 3,352) 9.3 : p.0000
FACTOR MATRIX : F2,352) 61.13 : p.0000

! AGE X MATRIX : F(6,352)= 3.90 : p(.002

!PRE-TRAINED SUBJECTS ! FACTOR AGE : (3,207)=12.85 : p(.0000
! FACTOR MATRIX : F(2,207,= 53.06 : p(.0000
! AGE X MATRIX : F(6,207)= 7.75 : p(.0000

NB.INCORRECT DIFFERENT SEQUENCES (N S)

!ANOVA (AGE X MATRIX)! -- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - -
'NAIVE SUBJECTS , FACTOR AGE : (3,352)= 6.09 : p(.0000

! FACTOR MATRIX : F2352)=110.13 : p<.0000
AGE X MATRIX .: F(6,352)=9.S : p(.0000

'PRE-TRAINED SUBJECTS I FACTOR AGE .F3207=8.1'0 :P.0000
FACTOR MATRIX ;F 2 207 =58.94 : p(.0000
AGE XTMATRIX : F(6,207)= : NS

NB SEQUENCES DIFFERENT 2 PREVIOUS (NSD2)

!ANOVA (AGE X MATRIX)

!NAIVE SUBJECTS ! FACTOR AGE : F(3,352)= 8.55 : p(.0000 !
I FACTOR MATRIX : F (2,352) 101.4 : p(.O000

! ! AGE X MATRIX : F(6,352)=6.37 : p(.0000

!PRE-TRAINED SUBJECTS ! FACTOR AGE : F (3207)=17.7 : p.O000
I i FACTOR MATRIX : F 2,207) =98.58: p .0000

! AGE X MATRIX : F(6,207)=9.15 : p(.0000
--------------------------------------------------------------------

TABLE 23 : %CS, %DS, NCS, HIS, NSD2: ANOVA (age x matrix) in
the first and in the second sessions (after N).
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SEQUENCES UNCERTAINTY (U(S)

!ANOVA (AGE X MATRIX)
!-------------------------------------------------------------------------------------------------
!NAIVE SUBJECTS ! FACTOR AGE :Ff3,3521 = 2.0 co .05

!FACTOR MATRIX :Ff2,352): 61.03 : p4.0000
!AGE X MATRIX :F(6,352)=3.65 p(.002

!PRE-TRAINED SUBJECTS ! FACTOR AGE :F 3,207): : NS
I FACTOR MATRIX : F12.207 =34.04: P(.000 0
! AGE X MATRIX : F(6,207)=4.59 :p(.0000

CORRECT SEQUENCES UNCERTAINTY (U(CS))

!ANOVA (AGE X MATRIX)
----------------------------------------- -----------------------------I

!NAIVE SUBJECTS IFACTOR AGE :F(3,352)= 7.16 pe.OC00
IFACTOR MATRIX :F(2:352)= 69.14 P(.OOOOP
AGE X MATRIX :F(6,352)= 3.64 P(.0OI

!PRE-TRAINED SUBJECTS IFACTOR AGE :F(3 ,207)= 6.57 p(.0000
g eFACTOR MATRIX :F(2,207, = 53.61 P .0000

AGE X MATRIX :F(6,207)= 6.t2 :P(.0000

INCORRECT SEQUENCES UNCERTAINTY (MfIS))

!ANOVA (AGE X MATRIX)
9------------------------------------------------------------------------------------------------
!NAIVE SUBJECTS IFACTOR AGE : F 3.352): 4.95 P<. 0 02

FACTOR MATRIX FP2,352)= 73.74 :P(.0000
*IAGE X MATRIX F(6.352)= 5.41 p(.OOC'0

!PRE-TRAINED SUBJECTS !FACTOR AGE F (3,207 :7.34 : p(.0000
!FACTOR MATRIX :F 2 207 = 50.08: (.0000
!AGE X MATRIX :F(6,207)= : MS

MEAN REALIZATION TIME (MTR)

!ANOVA (AGE X MATRIX)

!NAIVE SUBJECTS !FACTOR AGE : :i,52) = 29.41 :p(.0000
!FACTOR MATRIX :N,52) =23.45 :P(.0000

! AGE X MATRIX : F(6,352)=2.8 P(.01

!PRE-TRAINED SUBJECTS ! FACTOR AGE : Ff3,207)=14.94 :Pc.0000
I FACTOR MATRIX FfP2,207) =51.89 : p(.0000
!AGE X MATRIX :Ff6,207)w : NS

MEAN LATENCY TIME (MTL)

!ANOVA (AGE X MATRIX)

!NAIVE SUBJECTS ! FACTOR AGE :F(3,352)=:30.16 : P(.0000
!FACTOR MATRIX :Ff2,352) =S.t8 : P(.004
!AGE X MATRIX :F(6,352)=3.11 :P(.006

!PRE-TRAINED SUBJECTS ! FACTOR AGE : Ff3,207) :34.33: p(.0000
!FACTOR MATRIX F (2,207) =9.09 :p(.0000

II AGE X MATRIX :F(6,207)=3.6 P(.002

TABLE 24 :U(S), U(CS). UCIS), MTR, MTL: ANOVA (age x
matrix) in the first and in the second sessions (after N4).
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% CORRECT SEOUENCES (%CS)

AGE i 5-6 Y.O. ! 9-10 Y.O. I 14-15 Y.O .. ADULTS 1
SS-------------------------------------------------------------------........

I S F(2.74)=.02! X2=36.49 ! X2=41.37 ! X2=22.73
NS I p(.0000 I p.O0000 p(.O000

S I I I123
I=GN ! 1 3 1 1 1 1 ; 3

!2=R 12 12 12 12
!3=D 13 13 13 13

Z DOMINANT SEQUENCE (%DS)

AGE I 5-6 Y.O. ! 9-10 Y.O. 1 14-15 Y.O. ADULTS

- ---- ----------------
! F(2,74)=6.1! X2=41.46 I X2=31.68 I X2=34.79 I
! p<O.003 p(.0000 I P(.00O p(.0000 £I ! 1 I I

123 £ 123 1 123 1 123 
!1= GN 1 ! 1 ! 1 ! 1
!2=R 12 12 !2 £2
!3=D 13 ! 13 " 13 " £3

NB. CORRECT DIFFERENT SEQUENCES (NCS)

I AGE I 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.O .. ADULTS I
---------------------------------------------- -..

F F(2,74)=2.2! X2=21.50 I X2=28.11 I X2=29.33 !
NS I p(.O000 £ p.O000 p<.O000

I 123 1 123 1 123 1 123
!1= GN !1 ! I ! 1 ! 1
!2=R 12 !2 !2 12
!3= D 3 . 3 £ 3 " "3 a a

NB.INCORRECT DIFFERENT SEQUENCES (NrS)

I AGE ! 5-6 Y.O. 1 9-10 Y.O. ! 14-15 Y.O. ADULTS 1! -- - - - - - - - - - -- - - - - - - - - -•- --!-.
I F(2,74)=.4 I X2=39.48 I X2=42.24 I X2=26.66 !
£ NS I p(O.0000 I p 0.O000 ! p(O.O000

£ 123 £ 123 £ 123 I 123 
!1= GN I1 £1 £1 "1 £
!2=R 12 12 !2 12
!3= D 3 13 £ 3 " 3

NB SEQUENCES DIFFERENT 2 PREVIOUS (NSD2)

! AGE ! 5-6 Y.O. 1 9-10 Y.O. £ 14-15 Y.O. ' ADULTS
- - ! -- ---------

I F(2,74)=3.91 X2=22.89 I X2=36.89 I X2=43.7 1
1 1 p).02 I p(0.0000 I p(.0000 I p<.0000 ££ I £ ! £ !

1 123 ! 123 £ 123 £ 123 I
!1= GN ! 1 !1 !1 !1 1
!2= R 2 !2 £2 !2
!3= D 3 !3 13 ! "3 ""

TABLE 25 : %CS, %DS, NCS, NIS, NSD2: - ANOVA (matrix) and
Newman-Keuls test among the 5-6 Y.O., in the first session.

- Kruskal-Wallis
(matrix) and Mann-Wihtney tests among 9-10 Y.O.. 14-15 Y.O..
ADULTS, in the first session.
(3) indicates a significant difference with Pc.05.

117



SEQUENCES UNCERTAINTY (U(S))

AGE 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.O. ADULTS

F(2,74)=3.2! X2=40.44 ! X2=3r0.B X2=28.77
p(.04 ! p<.C'O00 I p(.O000 I p .O000 !

! 123 1 123 ! 123 123
!1= GN 1 ! 1 ! 1 1 1
!2=R 12 '2 "2 " !2
!3= D 3 !3 !3 " ! 3

CORRECT SEQUENCES UNCERTAINTY (U(CS))

AGE I 5-6 Y.O. ! 9-10 Y.0. ! 14-15 Y.O. I ADULTS
----------------------------------------- -------------

F(2.74)=4.5! X2=26.73 I X2=32.67 ! X2=36.17
p<0.01 ! p(.0000 ! p<.0000 1 p(.0000

I 123 ! 123 1 123 ! 123
!1= GN ! 1 ! 1 !1 !1 I
!2=R 12 12 !2 !2
!3= D !3 13 !3 2 ! 3 ' "

INCORRECT SEQUENCES UNCERTAINTY (U(TS))
AGE 1 5-6 Y.O. I 9-10 Y.O. ! "14-15 Y.O ADULTS

----------------------------------------- ! -------------

! F(2.74)=.98! X2=40.7 ! X2=39.94 I X2=27.81
NS ! p<.O0000 p<.0000 ! p.0000! ! 9 ! I !

123 ! 123 1 123 123
!1= GN ! 1 ! 1 1 1 ! I
!2=R 12 2 2 a 2 ' v
!3=D 13 13 !3 !3

MEAN REALIZATION TIME (MTR)

AGE ! 5-6 Y.O. I 9-10 Y.0. 1 14-15 Y.O I ADULTS
----- -- - --- ! 

I F(2,74)=.37! X2=18.30 I X2=17.19 i X2=30.14
! ! NS p(0.0001 ! pO.0002 ! pO.0000

! 123 1 123 I 123 ! 123
!1= GN 1 1 ! 1 1 1 1
!2=R 12 !2 12 !2 2

!3=D !3 13 !3 !3

MEAN LATENCY TIME (MTL)

I AGE 5-6 Y.O. ! 9-10 Y.0. 1 14-15 Y.O. ADULTS
-------------------------------- ----------------------------------------- A U T

! F(2,74)=1.51 X2=12,44 I X2= X2=20.03
! ! NS ! p'O.002 I NS p(.0000 I

! 123 ! 123 1 123 123!1= GN ? 1 !1 !
!2= R !2 12 ! 12 12
!3= D 1 3 !3 13 13

TABLE 26 U(S), U(CS), U(IS), MTR, MTL: - ANOVA (matrix)
and Newman-Keuls test among the 5-6 Y.O.. in the first
session.

- Kruskal-Wallis
(matrix) and Mann-Wihtney tests among 9-10 Y.O., 14-15 Y.O.,
ADULTS, in the first session.
(2) indicates a significant difference with P(.05.
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SUJETS PREENTRAINES

- CORRECT SEQUENCES {(CS)

AGE 5-6 Y.. 9-10 Y.O. 1 14-15 Y.O. ' ADULTS...
- - - - - - - - - - - - - - - ---- '-- ----- ------ - - -
F(2,42)=6.8! F(2,54)=13.! F(2,53)=10.! F(2.59)=9.2i

p .003 ! P(.0 0 0 0  p(.0001 ! p.0003 !! ! ! ! I!
I 123 1 123 1 123 1 123!1=: N 1 1 11 1 1 1 ! 1.

!2=R !2 !2 !2 12-
!3=D 13 1 3 1 3 13

. DOMINANT SEQUENCE (%DS)

AGE 5-6 Y.O. I 9-10 Y.O. 1 14-15 Y.ADULTS
-I----------------------------------------------- ------
F(2,42)=6.5! F(2.54)=9.8! F(2.53)=19.1 F(2,59)=18.i

I I p0.003 I p(.0002 ! p(.0000 ! p(.0000 !

1 123 I 123 1 123 123!1= N ! 1 ! 11 ! 1!
!2=R 12 12 1 2 12 "
!3=D 13 13 13 " 13 "

NB. CORRECT DIFFERENT SEQUENCES (NCS)

. AGE ! 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.O. _ ADULTS
i---------------------------------- - -------

F(2,42)= I F(2,54)=9.7! F(2,53)=49.1 F(2,59)=18.iNS ! p..O002 p(.0000 I p(.O00 0

! 123 ! 123 ! 123 1 123!1= N ! 1 !i ! 1 ! 1
!2=R 12 12 "2 12
!3= D 1 3 13 • 13 C •3 CC

NB.INCORRECT DIFFERENT SEQUENCES (NrS)

1 AGE 5-6 Y.O. . 9-10 Y.O. 1 14-15 Y.O. ADULTS

1 F(2,42)=9.9! F(2 54)=25.I F(2.S3)=13.! F(2,59)=13.i
!! p'.0003  p(6 .0000 i ptO.0000 i p(O.000 i
! 123 1 2 3 I 123 , 123

l1=N '1 ' " ,1 C ,1 C
R .2 1 12 12 1

!3=D 13 " 3 13 "3 !

NB SEQUENCES DIFFERENT 2 PREVIOUS (NSD2)

I AGE S 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.O. I ADULTS
-------------------------------------------- I -------------
! I F(2,42)=5.2! F(2 54)=13.! F(2,53)=51.1 F(2,59)=42.!

! p.O0009 i p6.0000 I p(.0000 I p(.O0C0 0
II1 1 1 1

1 1 2 3 ! ' 2 3 1 123 1 1 23
11= N I 1 ! !I !1!
12= R 1 2 !2 !2 !2
!3= D ! 3 a " !3 " 13 a 13 aC I

TABLE 27 %CS, %DS, NCS, NIS, NSD2: - ANOVA (matrix) and
Newman-Keuls test for each age group, in the second session.
(C) indicates a significant difference with P.05.
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SEQUENCES UNCERTAINTY (U(S))

AGE ! 5-6 Y.O. ! 9-10 Y.O. 1 14-15 Y.O. I ADULTS
-- -- - - - - - - - - - - - -- - - - - - -1 - - - - -

F(2.42)=5.9! F(2,54)=12.! F(2,53)=15.! F(2,59)=13.!
p(.0005 I p(.0000 ! p.0000 ! p(.0000! I I I!
123 I 123 1 123 I 123

!1=N 11 11 1 1 1 1
!2=R !2 12 £ 2 12
!3= D 1 3 1 3 1 3 "3 a " !

CORRECT SEQUENCES UNCERTAINTY (U(CS))

'AGE I 5-6 Y.O. 1 9-10 Y.O. £ 14-15 Y.O. ADULTS
-1-------------------------------------------

| I F(2.42)=5.11 F(2,54)=9.81 F(2,53)=37.1 F(2,59)=22.1
I £ p'0.01 I p(.0002 I p(.0000 I p(.0000I ! I £ ! !

! I 123 1 123 I 123 £ 123 
!I= N !I ! 1 1 1! 1
i2=R !2 12 !2 £2
i3= D ! 3 a 1 3 £ 3 13 '

INCORRECT SEQUENCES UNCERTAINTY (U(XS))

AGE £ 5-6 Y.O. £ 9-10 Y.O. I 14-15 Y.O. I ADULTS I-- - - - - - - - - - - - - - - - - - - -, -- - - - - - !
! F(2,42)=4.1! F(2,54)=28.1 F(2,53)=13.! F(2,59)=11.!
I p<.02 ! p(.0000 I *p.0000 !, p<.0001£ £ I £
! 123 1 1-23 1 2 3 £ 123 

1=N !1 a 1 1 a1
!2=R £2 £2 £2 12 
13=D !3 • £3 ! !3 ! £3

MEAN REALIZATION TIME (MTR)

£ AGE £ 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.O. f ADULTS -
------------------------------------------ !-------------

! F(2,42)=4.6! F(2,54)=18.1 F(2,53)=20.! F(2,59)=18.!
£ £ p(.01 £ p(O.0000 £ p40.0000 £ p'0.0000 £

£ £ 123 ! 123 £ 123 £ 123 
!1=N ! 1 1 ! 11 !£1 a
!2=R £2 £2 !£2 £2 
!3= D £3 !3 . •3 1 !3 a

MEAN LATENCY TIME (MTL)

£ AGE £ 5-6 Y.O. £ 9-10 Y.O I 14-15 Y.O. .. ADULTS _
--------------------------------------- ---

£ £ F(2.42)=4.91 F(2,54)= I F(2,53)= £ F(2,59)=3.2!
I £ P(.01 I NS I NS £ pt.O000I I ! I £ !

! £ 123 £ 123 1 123 £ 123 £
!1= N ! 1 11 11 !1
!2= R ! 2 12 12 £2 £
!3= D 1 3 " !3 !3 £3

TABLE 28 U(S), U(CS). U(IS), MTR. MTL: - ANOVA (matrix)
and Newman-Keuls test for each age group, in the second
session.
(=) indicates a significant difference with P(.05.
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% CORRE~CT SEQUENCES (%CS)

!ANOVA (AGE X PRE-TRAINING)

FACTOR AGE :F(3.344)= 15.4 <.OOOO
FACTOR PRE-T. F(4 344)=

I!AGE X PRE-T F(1),344)= NS

% DOMINANT SEQUENCE (V.DS)

!ANOVA (AGE X PRE-TRAINING)

I FACTOR AGE F(3,344)= 3.76 :pC.O1
IFACTOR PRE-T. F(4,344)= 6.43 :P(.0000
IAGE X PRE-T F(12.344)= 1.94 :p(.03

NB CORRECT DIFFERENT SEQUENCES (NCS)

!ANOVA (AGE X PRE-TRAINING)
I------------------------------------------------------------------------------------------------

FACTOR AGE :F(3,344)=7.57 p(.0000
FACTOR PRE-T. :F(4 344)=8.1 p<.0000
IAGE X PRE-T :F(li,344)= 1.82 P(.04

NB.INCORRECT DIFFERENT SEQUENCES (NZS)

!ANOVA (AGE X PRE-TRAINING)

FACTOR AGE :F(3.344)= 18.98 : .0000
IFACTOR PRE-T. :F(4,344)= NS
AGE X PRE-T :F(12,344)= NS

NB SEQUENCES DIFFERENT 2 PREVIOUS (NSD2)

!ANOVA (AGE X PRE-TRAINING)

I FACTOR AGE :F(3,344)=12.91 :P(.0000
! FACTOR PRE-T. :F(4 344)=10.68 :p(.0000

II AGE X PRE-T :F(1 ,340=2.37 :p(.006

TABLE 29 : CS, 7.DS, NCS, NIS, NSD2: - ANOVA (age x
pre-training)in the third session.
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SEQUENCES UNCERTAINTY (U(S)

!ANOVA (AGE X PRE-TRAINING)

IFACTOR AGE F(3.344)= NS
IFACTOR PRE-T. F(4 344/.)=6.26 P ..OOO

I AGE X PRE-T F(1 .:344)=1.93 : '.03

CORRECT SEQUENCES UNCERTAINTY (U(CS))

!ANOVA (AGE X PRE-TRAINING)

1FACTOR AGE :F(3,344)=8..37 :p(.0OOO
I FACTOR PRE-T. :F(4 344)=7.50O p(.0000
! AGE X PRE-T :FW,~344)=2.12 :p (.01.

INCORRECT SEQUENCES UNCERTAINTY MUIS))

!ANOVA (AGE X PRE-TRAINING)

I FACTOR AGE :F(3,344)=22.31 (.OOOO
1 FACTOR PRE-T. :F(4 34~4)= S
1AGE X PRE-T :F(1,344)= NS

MEAN REALIZATION TIME (MTR)

!ANOVA (AGE X PRE-TRAINING)

IFACTOR AGE :F(3,344)=29.64 :p(.0000
IFACTOR PRE-T. :F(4 344)=2.71 :P(.03
AGE X PRE-T :F(1 ,344)=2.05 :p(.02

MEAN LATENCY TIME (MTL)

!ANOVA (AGE X PRE-TRAINING)

I FACTOR AGE :F(3,344)=40.23 : K.0000
! FACTOR PRE-T. :F(4,344)= NS
! AGE X PRE-T :F(12,344)= NS

TABLE 30, U(S). U(CS). U(IS). MTR, MTL: - ANOVA (age x
pre-training) in the third session.
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% CORRECT SEQUENCES (MCS)

AGE ! 5-6 Y.O. 1 9-10 Y.O. ! 14-15 Y 0 _ ADULTS
-I-----------------------------------------1----- ----------

S! I F(4,93)=3.1£
N US I NS ! p<.02 ! NS II ! I I 1

12345 12345 ! 12345 1 12345
!1= NNN 1 1 ! 1 ! 1 1
?2= NRN ! 2 1 2 1 2 1 2
!3= NDN £ 3 1 3 1 3 1 3
!4= DRN 1 4 1 4 1 4 1 4
15= RDN 1 5 1 533 1 5

X DOMINANT SEQUENCE (7,DS)

AGE 1 5-6 Y.O. ! 9-10 Y.O. 1 14-15 Y.O. I ADULTS
---------------------------------- ------ -------------

I! I F(4,B6)=4.91 F(4,93)=4.61
! NS p.001 1 p( .002 I NS

! I I I
1 12345 1 12345 1 12345 ! 12345 

!1= NNN !1 £1 £1 1
!2= NRN '2 1 2 '" 2" " 2
f3= NDN 3 3 1 3 ! 3
!4= DRN £ 4 4 1 4 £ 4
!5= RDN 1 5 5 ! 5 1 5

NB. CORRECT DIFFERENT SEQUENCES (NCS)

AGE I 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.0. ADULTS
- - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - --.. . -------- _

I £ F(4,86)=4.01 F(4,93)=5.8! F(4,95)=2.5i
1 I NS p(.005 I p(.0003 p.05

I 1 23 45 12345 1 123, 45 1 2 3 4 5
!1= NNN ! 1 ! 1 ! 1 !1
!2= NRN 2 £ 2 1 2 '' ! 2
!3= NDN 3 £ 3 1 3 1 3'
!4= DRN 1 4 ! 4* 1 4 f 4
!5= RDN 1 5 I 55 ! 5

NB.INCORRECT DIFFERENT SEQUENCES (NIS)

i AGE £ 5-6 Y.O. ! 9-10 Y.O. 1 14-15 Y.. ADULTS I
! ---------------------------------------- Z----

1 I 1 F(4,93)=3.31
I NS I NS p(.01 I NS

I 1 I 23 4 5 1 12345 1 12345 12 3 4 5 1
!1= NNN !1 1 1 1
!2=N RN ! 2 1 2 1 2 £2
!3= NDN 1 3 1 3 1 3 13
!4= DRN 9 4 1 4 1 4 14
15= RDN 1 5 I 5 1 5 1

NB SEQUENCES DIFFERENT 2 PREVIOUS (NSD2)

I AGE 1 5-6 Y.O. 1 9-10 Y.O. I 14-15 Y. ADULTS

I----------£------------------------------------------f I I F14,96)=5.51 F(4,93)=6.9! F(4,95)=3.1I
£ I NS pI.05 p(.0001 I p(.02

1 1 23 4 5 £ 1 2 34 5 1 123 45 12 3 4 S I
!I= NNN 1 1 1 1 111 a
!2= NRN ! 2 1 2 1 2K w I 1 2
!3= NDN 1 3 1 3N 1 3 3
!4= RN 1 4 1 4" a 4 t 4!
!5= RDN £5 1 5 f5 15

TABLE 31 : %CS. %DS, MCS, HIS, NSD2: - ANOVA (pre-training)
and Newman-Keuls test for each age group, in the third
session.

') indicates a significant difference with Pt.05.
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SEQUENCES UNCERTAINTY (U(S))

AGE ! 5-6 Y.O. 1 9-10 Y.O. I 14-15 Y.O. ADULTS
- I -------------

I F(4,86)=4.2! F(4,93)=5.41
NS ! p.004 I p(.0005 ! NS

1 ! 12345 12345 1 12345 1 12345
!1= NNN ! I ! 1 !1 ! 1
!2= NRN ! 2 ! 2 1 2' * " 2
!3= NDN 1 3 1 3 1 3 '3
!4= DRN !4 4' 1 4 14
!5= RDN I5 1S 1 5 S

CORRECT SEQUENCES UNCERTAINTY (U(CS))

! AGE ! 5-6 Y.O. I 9-10 Y.0. ! 14-15 Y.O. I ADULTS
------------------------------------------------ -------------

! F(4,86)=4.7! F(4,93)=5.7!
N NS I p(.002 p(.0004 ! NS

I 12345 I 12345 I 12345 I 12345 
!1= NNN ! 1 ! 1 ! I ! 1
!2= NRN ! 2 ! 2 ! 2' " ' " 2
!3= NDN !3 3 1 3 13
!4= DRN ! 4 I 4x 1 4 I 4
!5= RDN ! 5 I5 5 ! 5

INCORRECT SEQUENCES UNCERTAINTY (U(IS))

AGE ! 5-6 Y.O. ! 9-10 Y.O. ! 14-15 Y.O. ADULTS
- ---------

1 1 ! F(4,93)=2.S!
NS I NS p(.04 ! NS

! 12345 12345 1 12345 12345
!1= NNN ! 1 ! 1! 1 ! 1
!2= NRN ! 2 ! 2 !2 !2
!3= NDN 1 3 3 13
!4= DRN !4 !4 14 !4

-!5= RDN 15 !5 !5 W 1 5

MEAN REALIZATION TIME (MTR)

! AGE 5-6 Y.O. 1 9-10 Y.O. ! 14-15 Y.O. I ADULTS

I I ., F(4,95)=3.5!
I NS I NS, . NS i p.1I I I I 1

I 12345 1 12345 1 12345 1 12345
!1= NNN ! 1 ! 1 ! 1 ! 1
12= NRN 1 2 1 2 1 2 !2
!3= NDN 1 3 ! 3 1 3 !3
!4= DRN 1 4 1 4 I 4 1 4z x " 2
!5= RDN 5 ! 5 15 ! 5

MEAN LATENCY TIME (MTL)

I AGE 1 5-6 Y.O. 1 9-10 Y.O. ! 14-15 Y.O. I ADULTS
----------------------------------------- ----------f I ! I I

I NS I NS N NS ' NS
i I I I
1 1 12345 12345 12345 ! 12345 .
!1= NNN 1 1 ! 1 1 I1
!2= NRN 12 1 2 1 2 1 2 1
!3= NDN 13 1 3 1 3 ! 3
!4= DRN 1 4 4 14 1 4
!5= RDN I S 1 5 ! 5 ! 5

TABLE 32 U(S), U(CS), U(IS), MTR, MTL: - ANOVA
(pre-training) and Newman-Keuls test for each age group; in
the third session.
(') indicates a significant difference with P<.05.
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% CORRECT SEOUENCES (%CS)
. . . . . . . . . . . . . . . . . . . . -- - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SESSIONS ! N I N 2 N

2 F.(3,69)=5.48 2 F.(3,69)=2.27 ! F.(3,69)=.93
p<O.0019 | NS 2 NS

1 2 3 4 2 1 2 3 4 1234 
!1= 5-6 Y.O. 1 1 1 1 2 1
!2= 9-10 Y.O. ! 2 ! ! 2 I 2
!3= 14-15 Y.O.! 3 1 3 ! 3
!4= ADULTS !4 4 1 4

I --SESSIONS 2 N I R I - N

2 ! F.(3,68)=6.97 2 F.(3,68)=3.90 I -F.(3,68)=5.92 2
-- I 2 pO.0004 I p(0.0123 I p0O.00121 " ! ! | 2

S 1 2 34 1 1 2 3 4 1 1 2 3 4
!1=5-6 Y.O. 1 1 1 1 ! 1
!2= 9-10 Y.O. 1 2 ! 2 1 2
!3= 14-15 Y.O.! 3 U I 3 1 3
!4= ADULTS 4 a 1 4 ! 4 a
! -------- --------------------------------------------------------
I SESSIONS ! N 2 D I N

2 F.(3,70)=4.53 I F.(3,70)=11.5 I F.(3,70)=4.91 2
Sp<O.0058 2 p.0000 p(.003 7

1 2 3 4 2 2 3 4 1 2 3 4
!1= 5-6 Y.O. 1 ! 1 2 1
!2= 9-10 Y.O. 2 ! 2 12
!3= 14-15 Y.O.! 3 a ! 3 13
!4= ADULTS ! X ! 4 24-- -- - -- - ----- - - - - - - - - - - - - - - - - - - - - - - - - -

2 SESSIONS 2 D R 2 N

2 F.(3,67)=5.08 ! F.(3,67)=7.44 ! F.(3,67)=1.48 I
S p<O.00 3 1 I p0.0002 I NS

1 2 3 4 1 2 3 4 1 1!234
!1= 5-6 Y.O. 21 1 ! 1
!2= 9-10 Y.O. 1 2 " ! 2 I 2
!3= 14-15 Y.O.! 3 23 3! 3
!4= ADULTS 4 1 4 1 24

---- --------------------------------------------------------
! SESSIONS ! R I D I N

------------- --------------------------------------------------------
2 F.(3,70)=7.96 ! F.(3,70)=6.42 ! F.(3,70)=9.6
i! pc0.0001 p€0.0007 ! p.0000 !

S 12 3 4 1- 1 2 3 4 2 1234
21= 5-6 Y.O. 21 21 !1 1
!2= 9-10 Y.O. 2 2 12 U 2
!3= 14-15 Y.O.! 3 ! 3 13 U 2
!4= ADULTS ! 4 !4 U !4

I SESSIONS 2 GN I R ! D
2---------2-------- --------------------------------------------------------
2 ! F.(3,215)=15.62 I F.(3,70)=7.96 I F.(3,70)=5.09 2
S2 p(.O000 p(.0001 ! p(.0031 ! 2 I 2

S 1 2 34 2 12 34 4 1 2 3 413
11= 5-6 Y.O. 2 1 11 " 11
!2= 9-10 Y.O. ! 2 ! 12 !2 " 2
!3= 14-15 Y.O.1 3 1 23 !3 "
!4= ADULTS ! 4 24 * !4
-----------------------------------------------------------------------

TABLE 33 : %CS : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.
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% DOMINANT SEQUENCE (%DS)

I SESSIONS I N I N I N I
-------- --------------------------------------------------------

F.(3.69)=.35 I F.(3.69)=.76 ! F.(3,69)=.el
NS I NS I NS!I I I!

1 ! 1234 1 1234 1 1234
!1= 5-6 Y.O. 1 1 11 1 1
!2= 9-10 Y.O. 1 2 1 2 " 2 "
!3= 14-15 Y.O.! 3 1 3 a ! a
!4= ADULTS ! 4 1 4 1 4

------------- ---------------------------------------- ----- -------
!.SESSIONS !N I R I N

--- ------ ------------------------------------------ ----------------
, I F.(3,68)=.24 I F.(3, 8)=.B1 I F.(3,68)l.67

NS I NS I NS

:1 ! 1234 I 1234 1 1234
!1= 5-6 Y.O. ! 1 ! 1 1 1
!2= 9-10 Y.O. ! 2 1 2 !2
!3= 14-15 Y.O.! 3 ' ! 3 1 3 "
!4= ADULTS 14 a 1 4 !4

---- -------- --------------------------------------------------------
'SESSIONS I N I D N

---- -------- --------------------------------------------------------
! F.(3,70)=1.84 ! F.(3,70)=22 ! F.(3,70)=3.74
! NS I p.0000 I p.014

1 12 34 1 123 4 1 123 4
!1= 5-6 Y.O. ! 1 ! 1 ! 1
!2= 9-10 Y.O. I 2 ! 2 12
!3= 14-15 Y.O.! 3 " 3 " 1 3
!4= ADULTS !4 " 4 1 a 1 4 w
---- -------- --------------------------------------------------------
SESSIONS ! D 1 R I N

---- -------- --------------------------------------------------------
! F.(3,67)=7.42 I F.(3,67)=6.16 I F.(3,67)=3.26
! i p(O.0002 I pO.O09 ! p(.026

1234 1 1234 ! 1234
!1= 5-6 Y.O. 1 1 1 1 " 1
!2= 9-10 Y.O. I 2 " 2 " 2 a
!3= 14-15 Y.O.! 3 3 1 3 "
!4= ADULTS 14 14 v 1 4

---- -------- --------------------------------------------------------
! SESSIONS I R I D N I

F.(3,70)=8 ! F.(3,70)=4.39 I F.(3.70)=1.52
I p(0.O001 1 p<0.0 069 1 NS* I I I

1 1234 1234 1 1234
11= 5-6 Y.O. 1 !l !1
!2= 9-10 Y.O. I 2 !2 !2
!3= 14-15 Y.O.! 3 13 13 !
!4= ADULTS ! 4 !4 !4

I SESSIONS I GN I R I D
-_ ----- ---------------------------------------------------------

I I F.(3,215)=1.67 I F.(3,70)=8.003 I F.(3,70)=7.42
! ' NS I p<.O001 I p(.0002
I I 1 I
1 1234 1234 1 1234
11= 5-6 Y.O. ! 1 1
!2= 9-10 Y.O. ! 2 12 12
!3= 14-15 Y.O.! 3 !3 !3
!4= ADULTS ! 4 14 * !4

TABLE 34 : %DS : AJNOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, In the first session.

126



NB. CORRECT DIFFERENT SEOUENCES (NCS)

SESSIONS I N I N I N 0

F.(3.69)=.40 I F.(3,69)=1.56 I F.(3,69)=1.O1 
I NS I NS ! NS

1234 1234 1234 
!1= 5-6 Y.O. I 1 1 1 1
!2= 9-10 Y.O. ! 2 ! 2 ! 2
!3= 14-15 Y.O.! 3 1 3 ! 3
!4= ADULTS ! 4 1 4 1 4

----------------- ---------------------------------------- ------------
SESSIONS ! N I R I N

------------- ---------------------------------------- ----------------
. F.(3,68)=.12 I F.(3,68)=.97 I 'F.(3.68)=2.31 !

! ! NS I NS I NS !I ! ! 1
I 1 1234 I 1234 ! 1234
!1= 5-6 Y.O. I 1 ! 1 I 1
!2= 9-10 Y.O. ! 2 1 2 ! 2 I
!3= 14-15 Y.O.! 3 I 3 ! 3
!4= ADULTS !4 1 4 1 4

---- -------- --------------------------------------------------------
SESSIONS ! N I D ! N

--------------- --------------------------------------------------------
! F.(3.70)=5.36 I F.(3,70)=25.99 ! F.(3,70)=5.58

Sp<.00 2 2 ! p<.0000 I p(.0017

1 2 3 4 1 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. 1 1 ! 1 ! 1
!2= 9-10 Y.O. 1 2 ! 2 ! 2
!3= 14-15 Y.O.! 3 "3 1 3
!4= ADULTS !4 !4 ! 4

---- -------- --------------------------------------------------------
! SESSIONS ! D I K ! N

---- -- - ---------------------------------------------------------------------------------
! F.(3,67)=9.28 1 F.(3,67)=6.38 I F.(3,67)=2.52 !

p(0.0000 I p<0.0007 £ p.065

1 . 1234 1 1234 ! 1234
!1= 5-6 Y.O. 1 1 I 1 i
!2= 9-10 Y.O. ! 2 ! 2 1 2
!3= 14-15 Y.O.! 3 1 3 ! 3
!4= ADULTS ! 4 ! 4 ! 4

--- ------ - --------------------------------------------------
1 SESSIONS ! R I D I N

------- - !--------------------------------------------------------
I F.(3,70)=5.82 1 F.(3,70)=4.77 1 F.(3,70)=2.02 .
! £ p<0.0013 ! p(O.00 44  I NS
I I I
1 1234 1234 1 1234
11= 5-6 Y.O. 1 1 11 11
!2= 9-10 Y.O. ! 2 ,12 12
13= 14-15 Y.O.! 3 !3 1 !3 !
!4= ADULTS ! 4 14 14

I SESSIONS I GN I R ! D
!-------------I --------------------------------------------------------

! ! F.(3,215)u3.23 I F.(3,70)=5.82 I F.(3.70)=9.29 I
! p(.0 2  I p(.001 I p<.0000 £! I l ! I
1 1234 ! 1234 I 1234 

!1= 5-6 Y.O. ! 1 11 11
!2= 9-10 Y.O. I 2 12 12
!3= 14-15 Y.O 3 13 !3
14= ADULTS !4 14 14

TABLE 35 : NCS : ANOVA (age) and Newman-Kels test for each
experimental group, in each session, and for each matrix
type, in the first session.
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NB. INCORRECT DIFFERENT SEQUENCES (NIS)

SESSIONS I N I N I N
---- -------- --------------------------------------------------------

! ! F.(3,69)=S.36 I F.(3.69)=3.19 ! F.(3,69)=1.57
p(.0022 I p(.028 ! NS! II

! 1234 ! 1234 1 1234
!1= 5-6 Y.O. 1 1 I 1 ! 1
!2= 9-10 Y.O. I 2 a 1 2 a ! 2
13= 14-15 Y.O.! 3 " I 3 a 1 3--
!4= ADULTS ! 4 a ! 4 1 4 4 !

-I-------------- ---------------------------------------- ---------------
!SESSIONS I N I R I N

------------ I ---------------------------------------------------------
I F.(3,68)=6.66 I F.(3,68)=3.07 I -F.(3,68)=6.22

1 1 p(.0005 I p(.033 ! p(.0008! I I 1
I 1234 1 1234 1 1234
1= 5-6 Y.O. 1 1 1 1 I 1
!2= 9-10 Y.O. I 2 z 1 2 1 2 a
!3= 14-15 Y.O.! 3 a 3 I 3 a
!4= ADULTS 4 1 4 a

-I--- -------- -------------------------------------------------------- I
I SESSIONS ! N I D ! N
------------- --------------------------------------------------------

F.(3.70)=1.52 I F.(3,70)=5.68 ! F.(3,70)=4.45
I NS I p(.0015 P p(.0063

! 1 1234 1 1234 ! 1234
!1= 5-6 Y.O. ! 1 ! 1 ! 1 !
!2= 9-10 Y.O. ! 2 ! 2 a I 2
!3= 14-15 Y.O.! 3 I 3 a 1 3 a
!4= ADULTS !4 1 4 ' ! 4 !

---- -------- --------------------------------------------------------
SESSIONS ! D 1 R I N

i F.(3,67)=2.97 i F.(3,67)=7.19 I F.(3,67)=3.17.
i p'0.037 I p(O.0003 I p<.0296SI I !

1234 ! 1234 1234
!1= S-6 Y.O. ! 1 ! 1 1
!2= 9-10 Y.O. ! 2 ! 2 2
!3= 14-15 Y.O.! 3 z ! 3 ! 3
!4= ADULTS ! 4 z ! 4 !4

---- -------- --------------------------------------------------------
SESSIONS 1 R 1 D I N

I F.(3,70)::7.49 I F.(3,70)=3.58 I F.(3,70)=6.17
I p(O.0002 I p(0.017 ! p.0009

1 1234 1234 1 1 2 3 4
!1= 5-6 Y.O. I 1 !1 !1
!2= 9-10 Y.O. ! 2 !2 12 "
!3= 14-15 Y.O.! 3 ! 13 13
!4= ADULTS ! 4 !4 !4

I SESSIONS I GN I R I D
--- !----- ---------------------------------------------------------

I F.(3,215)=11.69 I F.(3,70)=7.49 I F.(3,70)=2.97
I I p(.0000 I p(O.0002 1 p(.037

1234 1234 1 1234
!1= S-6 Y.O. 1 1 !l !1
!2= 9-10 Y.O. ! 2 12 !2
!3= 14-15 Y.O.! 3 13 !3
!4= ADULTS ! 4 14 !4

TABLE 36 NIS : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.
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NB. SEG. DIFF. 2 PREV. (NSD2)

SESSIONS I N ! N N
S-------------- --------------------------------------------------------

F.(3,69)=.81 I F.(3,69)=3.19 ! F.(3,69)=2.95
I NS I p<.028 1 p(.038

1234 1234 1234
!1= 5-6 Y.O. I 1 I I 1
!2= 9-10 Y.O. 1 2 1 2 a ! 2
!3= 14-15 Y.O.! 3 1 3 " I 3-
!4= ADULTS ! 4 ! 4 X I 4 L
----------------------- ---------------------------------------- ---------------! SESSIONS ! N I R i N
!- ---------- ---------------------------------------------------------

I F.(3.68)=.35 I F.(3.68)=.55 I -F.(3,68)=2.43
! NS I NS I NS

1 1234 ! 1234 1 1234
11= 5-6 Y.O. ! I 1 1 1
!2= 9-10 Y.O. 1 2 ! 2 I 2
!3= 14-15 Y.O.! 3 ! 3 ! 3
!4= ADULTS ! 4 ! 4 1 4

------------ ! ---------------------------------------------------------
SESSIONS I N D I N

---- -------- --------------------------------------------------------
I F.(3.70)=5.39 I F.(3,70)=44.16 ! F.(3,70)=7.60
1 p<.0021 p(.0000 I p(.0002SI 1 !

1234 I 1 2 3 4 1 2 3 4
11= 5-6 Y.O. 1 1 I 1 1
12= 9-10 Y.O. 1 2 1 2 " 1 2
!3= 14-15 Y.O.! 3 I 3 " I 3 "
!4= ADULTS 14 4 4

---- -- - ---------------------------------------------------------------------------------
SESSIONS I D ! R ! N-- - ---- - -- - - - - - -- - - - - - - -- - - - - - -- - - - - - -

! F.(3,67)=18.37 ! F.(3,67)=3.66 I F.(3,67)=3.07
p(O.O000 " p(0.016 ! p.033I I ! I!
1234 1234 1 1234

!1= 5-6 Y.O. 1 ! 1 ! 1
!2= 9-10 Y.O. I 2 ! 2 2
!3= 14-15 Y.O.! 3 ! 3 13
!4= ADULTS ! 4 1 4 14

---- -- - ---------------------------------------------------------------------------------
SESSIONS ! R I D I N

-- -- -- - ---------------------------------------------------------------------------------

! F.(3,70)=5.04 1 F.(3.70)=11.09 I F.(3,70)=4.57
1 p<0.0032 ! p(.000O 0 p(.0056

I 1234 1 2 3 4 1234
!1= 5-6 Y.O. I 1!1 !1
!2= 9-10 Y.O. I 2 !2 !2 a
!3= 14-15 Y.O.! 3 !3 !3 "
!4= ADULTS 1 4 !4 !4

! SESSIONS ! GN ! R I D
---- -------- --------------------------------------------------------

I I F.(3,215)=4.04 I F.(3,70)=S.04 ! F.(3,70)=18.37 I
S p<.008 I p¢0.0032 I p(.0000I I £

1234 ! 1 2 3 4 ! 1234
!1= 5-6 Y.O. ! 1 !1 i1
!2= 9-10 Y.O. 1 2 !2 12 "
!3= 14-15 Y.O.! 3 !3 13 £
!4= ADULTS ! 4 14 £ 4 !

TABLE 37 : NSD2 : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.
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SEOUENCES UNCERTAINTY (U(S))

SESSIONS 3N I N I N
------------------ --------------------------------------------------------

! F.(3.69)=.28 I F.(3,69)=.37 I F.(3,69)=.38
NS I NS I NS! I I I

1 ! 1234 ! 1234 ! 1234
!1= 5-6 Y.O. 1 1 ! 1 1 1 1
!2= 9-10 Y.O. ! 2 1 2 ! 2
!3= 14-15 Y.O.I 3 1 3 I 3.
!4= ADULTS ! 4 1 4 1 4.
---------- ---------------------------------------------------------
!SESSIONS I N I R I N
-------- 1-------- ----------------------------------------- ---------------

I I F.(3,68)=.63 I F.(3,68)=1.99 I "-F.(3,68)=2.35
" ! NS I NS I NS

I- 1234 1 1234 1 1234
11= 5-6 Y.O. 1 1 ! 1 ! 1 £
!2= 9-10 Y.O. ! 2 1 2 I 2
!3= 14-15 Y.O.1 3 ! 3 I 3
!4= ADULTS 1 4 1 4 14
------------- --------------------------------------------------------

SESSIONS I N I D 1 N
------------- --------------------------------------------------------

F.(3,70)=1.71 I F.(3,70)=15.78 ! F.(3,70)=3.03
NS I p(.0000 I p(.034

1 I 1234 1234 1 1234
!1= 5-6 Y.O. ! 1 1 ! 1
!2= 9-10 Y.O. ! 2 3 2 ! 2
!3= 14-15 Y.O.! 3 3 ! 3
!4= ADULTS ! 4 4 ! 4

------ I-------- --------------------------------------------------------
SESSIONS ! D I R N------ 3-------- --------------------------------------------------------

F.(3,67)=4.69 I F.(3,67)=9.99 I F.(3,67)=2.33
p(0.0 048 p(0.0000 I NS

I 1 2 3 4 1 2 3 4 I 1 2 3 4
!1= 5-6 Y.O. ! 1 1 X 1
!2= 9-10 Y.O. ! 2 I 2 I 2
!3= 14-15 Y.O.! 3 1 3 1 3
!4= ADULTS ! 4 i 1 4 14

------ I-------- --------------------------------------------------------
SESSIONS ! R ! D I N

! ---------- ---------------------------------------------------------
I F.(3,70)=8.62 I F.(3,70)=2.33 I F.(3,70)=.70
I pO. 0 001 I S NS

I 1 2 3 4 1 1234 1 1234
11= 5-6 Y.O. ! 1 11 11
!2= 9-10 Y.O. ! 2 12 12
13= 14-15 Y.O.! 3 13 13
!4= ADULTS 1 4 • 14 !4

I SESSIONS ! GN I R I D
------- I-------- --------------------------------------------------------

.F.(3,215)= I F.(3,70)=8.62 I F.(3,70)=4.69
I NS p(0.0001 I p(.0049

1 1234 1 1234 1234 
!1= 5-6 Y.O. ! 1 1 1
!2= 9-10 Y.O. ! 2 12 !2
13= 14-15 Y.O.I 3 13 13
14= ADULTS I 4 14 !4 "

TABLE 36 : U(S) : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first sessinn
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CORRECT SEQUENCES UNCERTAINTY (U(CS))

I SESSIONS I N I N I N
------------- --------------------------------------------------------I

I F.(3.69)0.41 I F.(3.69)-1.45 I F.(3.69)=1.21 I
I NS I NS I NS

! I IS12 3 4 ! 22 34 ! 1 23 4

11= 5-6 Y.O. 1 1 ! I ! 1
12= 9-10 Y.O. 1 2 1 2 I 2..
13= 14-15 Y.O.1 3 1 3 1 3;'
!4= ADULTS 14 1 4 1 47

-------------------------------------------------------------------
!:SESSIONS I N I R I :. N
I----------- --------------------------------------------------------

I F.(3.68)=.08 I F.(3.68)=1.36 I F.(3,68)=1.88 I
1-. NS I NS I NS I!I I I

1 1234 1 1234 ! 1234 1
f1= 5-6 Y.O. 1 1 1 1 1 1
12= 9-10 Y.O. 1 2 1 2 ! 2 1
!3= 14-15 Y.O.! 3 1 3 t 3
!4= ADULTS 14 1 4 1 4

--- --- -- --- - - ----------------------------------------------------------
I SESSIONS I N I D I N

--------- ! --------------------------------------------------------
I I F.(3,70)=4.57 1 F.(3.70)=29.63 I F.(3.70)=5.77 I
I pt.0055 I pC.0000 I p4.034SI I I
S 1 23 4 I 1234 1 1234 1

11= 5-6 Y.O. 1 1 ! 1 1 1
!2= 9-10 Y.O. ! 2 1 2 1 2
13= 14-1E Y.O.! 3 ! 3 I 3
!4= ADULTS I 4 1 4 4
----------------------------------------- ---------------------------------------------------------

SESSIONS ! D I R ! N
-------------------- --------------------------------------------------------I

! F.(3,67)=11.12 I F.(3,67)=8.05 I F.(3.67)=3.54 I
1 p(0.0000 I p(0.0001 I p(.019! I " ! I
1 1234 I 1234 1 1 234

!1= 5-6 Y.O. 1 1 I 1 a 11
!2= 9-10 Y.O. 1 2 1 2 ! 2
!3= 14-15 Y.O.! 3 " 1 3 ! 3 a
14= ADULTS 1 4 1 4 1 4

- -- ! -------------------- -----------------------------------
! SESSIONS I R I D I N

--------- -! --------------------------------------------------------
I F.(3,70)=6.47 1 F.(3,70)=6.5 I F.(3.70)=3.26 1
! p0.0 0 0 6 ! pt.0006 I p(.023 1

SI I 1
I 1 2 3 4 1 2 3 4 1 2 3 4
11= 5-6 Y.O. 1 " 1 1 1
!2= 9-10 Y.O. ! 2 ! 2 ' ! 2 9
!3= 14-15 Y.O.! 3 1 3 1 3 *!4= ADULTS 1 4 1 4 14 

ISESSIONS GN I R I 0

I F.(3,215)*2.88 I F.(3,70)=6.42 I F.(3.70)=11.12 I
! p.037 I p(O.0006 p(.O000I I I !

1 1 234 1 1234 I 1234
fl= 5-6 Y.O. I1 1 * i!
12= 9-10 Y.O. I 2 12 12
13= 14-15 Y.O.I 3 1 !3 " 13
14= ADULTS IA 14 " 14

TABLE 39 : U(CS) : ANOVA (age) and Newuan-Keuls test for

each experimental group, in each session, and for each

matrix type, in the firxt session.
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INCORRECT SEQUENCES UNCERTAINTY (U(IS))

SESSIONS ! N I N I N f
---------------------------- --------------------------------------------------------

I F.(3,69)=3.39 I F.(3,69)=3.8 I F.(3.69)=2.73
p(.022 I p(.013 I p(.05! ! I I

1 1 2 3 4 I 1234 1 1 2 3 4
.1= 5-6 Y.O. I 1 1 1 1 
!2= 9-10 Y.O. 1 2 ! 2 1 2
!3= 14-15 Y.O.I 3 a I 3 I 3..
!4= ADULTS 4 a 1 4 ! 4-

------------- ---------------------------------------- ---------------
! SESSIONS N I R - N

------------------- --------------------------------------------------------
I F.(3.68)=3.26 I F.(3,68)=2.42 I -=F.(3,68)=6.36 !
I p(.026 I NS I p(.0007

1 1 2 3 4 I 1 2 3 4 ! 2 2 3 4
!1= 5-6 Y.O. 1 1 I 1 1 1
!2= 9-10 Y.O. 1 2 v 1 2 1 2
!3= 14-15 Y.O.! 3 a 1 3 1 3 £
!4= ADULTS ! 4 1 4 1 4

* --------------------------- --------------------------------------------------------
£ SESSIONS ! N I D I N

------------- --------------------------------------------------------
I F.(3,70)=.74 I F.(3,70)=4.65 I F.(3.70)=3.47
I ! NS 1 p(.0051 ! p(.020

1 2 3 4 1 2 3 4 ! 1 2 3 4
!1= 5-6 Y.O. 1 1 1 I 1
!2= 9-10 Y.O. ! 2 1 2 ! 2
!3= 14-15 Y.O.t 3 I 3 ! 3
!4= ADULTS !4 1 4 4

-------------------- --------------------------------------------------------
SESSIONS I D I R I N------------ I --------------------------------------------------------

F.(3,67)=3.99 I F.(3,67)=8.60 I F.(3,67)=8.12
I p(O.0112 ! pO.O001 I p(.O001

1 2 3 4 £ 1 2 3 4 1 2 3 4
!1= 5-6 Y.O. ' 1 1 I 1
!2= 9-10 Y.O. 2 " 2 !2
!3= 14-15 Y.O.! 3 • £ 3 !3
!4= ADULTS ! 4 1 1 4 !4

-------------------- --------------------------------------------------------
! SESSIONS I R ! D ! N

-------------------- --------------------------------------------------------I
I I F.(3,70)=7.37 ! F.(3,70)=3.14 I F.(3,70)=4.98

p(O.0002 I p(.0303 ! p-.0034

1 £ 1234 1234 1 1 2 3 4
11= 5-6 Y.O. £ 1 1 1 1
!2= 9-10 Y.O. ! 2 ! 2 1 2
!3= 14-15 Y.O.1 3 a .1 3 !3
!4= ADULTS 1 4 a f 4 1 4

-----------------------------------------------------------------------------

1 SESSIONS I GN I R D "

I l F.(3.215)=5.73 I F.(3,70)=7.38 I F.(3,70)=3.99
! p(.0009 I p(O.0002 I p(.01

1 1234 I 1234 1 1234 
!1= 5-6 Y.O. ! 1 11 !1
!2= 9-10 Y.O. ! 2 a !2 12
13= 14-15 Y.O.! 3 a 13 13
14= ADULTS ! 4 " 14 ! £4 " " £

TABLE 40 U(IS) ANOVA (age) and Newman-Keuls test for
each experimental group, in each session, and for each
matrix type, in the first session.
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MEAN REALIZATION TIME

SESSIONS ! N I N I N I
-------- I-------- --------------------------------------------------------

I F.(3.69)=4.18 I F.(3.69)=10.78 ! F.(3.69)=2.88
1 p(.0088 p(.0000 p(.042

1234 1 1 234 1 1 234 
!1= 5-6 Y.O. I 1 1 I 1
12= 9-10 Y.O. ! 2 " 2 I 2
13= 14-15 Y.O.! 3 I 3 1 3
!4= ADULTS ! 4 1 4 1 4

SESSIONS ' N I R I N
------------- -------------------------------------------------------- I

I F.(3,68)=14.52 I F.(3.68)=2.04 I -F.(3,68)=27.55 1
I p(.0000 I NS I p(.0000 I

- 1234 1 1234 I 1234
I1-"5-6 Y.O. I 1 1 1 1 1< " 1
12= '9-10 Y.O. ! 2 1 2 1 2 "
13= 14-15 Y.O.! 3 1 " 3 1 3 "
!4= ADULTS ! 4 1 4 1 4

-- -- ---------------- --------------------------------------------------------
I SESSIONS ! N I D I N

------------- - -------------------------------------------------------
I F.(3,70)=14.09 I F.(3,70)=9.39 I F.(3.70)=13.86 I
I p(.0000 I p(.0000 I p(.0000

1234 1 1234 ! 1234
!1= 5-6 Y.O. ! 1 ! 1 !I 1
!2= 9-10 Y.O. ! 2 1 2 " 2
13= 14-15 Y.O.! 3 [ 3 1 3
!4= ADULTS !4 1 ! 4 ! 4

----------------------------------------------------------------------------------------------
! SESSIONS I D ! R ! N

------------- -------------------------------------------------------------------------------
! F.(3.67)=12.36 I F.(3,67)=1.96 I F.(3,67)=2.74

I ! p<0.0000 I NS ! p(.0497

1234 I 1234 1 1234 !
!1= 5-6 Y.O. ! *1 ! 1 1 1
!2= 9-10 Y.O. ! 2 "2 !2
13= 14-15 Y.O.! 3 " " I 3 1 3 • •
!4= ADULTS !4 "4 1 4

----------------------------------------------------------------------------------------------
I SESSIONS ! R I D ! N

! F.(3,70)=1.87 I F.(3,70)=11.26 I F.(3,70)=13.80 1
1 NS ! p4.0000 I p(.0000

1 2 3 41 A!I 1234 I 1234 -I 1234

11= 5-6 Y.O. ! 1 a 1 I 1
!2= 9-10 Y.O. I 2 "2 12
!3= 14-15 Y.O.I 3 " 3 1 3
!4= ADULTS ! 4 1 4 1 4

I SESSIONS I GN I R I D
------------- ! --------------------------------------------------------

1 F.(3,215)=26.17 I F.(3,70)- 1 F.(3,70)=12.37
! p(.0000 I NS I pC.0000d !

1 2 3lI 1234 I 1 234 I 1 234 !
!1= 5-6 Y.O. ! 1 11 I
!2= 9-10 Y.O. ! 2 !2 12
13= 14-15 Y.O.! 3 13 !3 "
!4= ADULTS ! 4 14 14

TABLE 41 : MTR : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.
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MEAN LATENCY TIME (KTL)

SESSIONS I N I N N N
-- !------------------- --------------------------------------

I F.(3,69)=8.34 I F.(3,69)=8.44 ! F.(3.69)=13.42
p(.O001 I p(.0001 I p(.O0000

1234 1 1234 ! 1234
!1= 5-6 Y.O. I 1 1 1 ! 1
!2= 9-10 Y.O. ! 2 a ! 2 a 2
!3= 14-1S Y.O.I 3 a 3 a 3 =" "
!4= ADULTS ! 4 a £4 a4!

--I--------------------------------------------- ---------------' SESSIONS I N l R I N 4
-- ... . -

1 F.(3,68)=14.86 I F.(3,68)=11.S I "-F.(3,68)=17.34 I
I ! p(.000 NS I P(.0000 I! I ! I

1- 1234 I 1 234 1 1234
!1= 5-6 Y.O. ! 1 1 1 ! 1
!2= 9-10 Y.O. !,2 1 2 " 2 "
13= 14-IS Y.O.! 3 3 1 3
!4= ADULTS ! 4 "4 4

---- ------- --------------------------------------------------------
! SESSIONS N I D I N

---- ------- --------------------------------------------------------
I F.(3,70)=4.55 I F.(3,70)=16.18 ! F.(3,70)=7.73
! ! p(.0056 ! p(.000 I p(.O002

1 2 3 4 1 2 3 4 I 1 2 3 4
!1= 5-6 Y.O. 1 1 .! 1 ! 1
!2= 9-10 Y.O. ! 2 ! 2 ! 2
!3= 14-15 Y.O.! 3 " 3 1 3
!4= ADULTS !4 !4 14

---- -------- --------------------------------------------------------
SESSIONS ! D R N

I F.(3,67)=18.62 I F.(3,67)=13.14 I F.(3,67)=5.15 I
S p(0.O000 ! p40.0000 I p(.0029 !

1 1 1234 I 1234 1234 
!1= 5-6 Y.O. ! 1 - I a ! I
!2= 9-10 Y.O. ! 2 i t 2 1 2 a
!3= 14-15 Y.O.! 3 ! 3 a 3 3
14= ADULTS 4 2 4 1 4 a
--- -------- --------------------------------------------------------1
SESSIONS I R I D I N

--------------- --------------------------------------------------------
! F.(3,70)=1.32 I F.(3,70)=3.52 I F.(3,70)=5.19

! ! NS ! p.0193 1 p(.0027

1234 I 1234 ! 123' 3
I1= 5-6 Y.O. !1 1 1 ! 1
!2= 9-t0 Y.O. I 2 ! 1 2 " ! 2
13= 14-15 Y.O.1 3 1 3 a3 
!4= ADULTS ! 4 ! 4 9 4

I SESSIONS I GN I R I D
---- ------- ---------------------------------------------------------
I I F.(3,215)=23.76 1 F.(3.70)= I F.(3,70)=18.62 !

I I p(.O000 I NS I p(.0000I I I II
1234 I 1234 1 1234

!I1 5-6 Y.O. ! 1 11 !1
!2= 9-10 Y.O. ! 2 12 12
!3= 14-15 Y.O.I 3 13 13
!4= ADULTS 1 4 14 14

TABLE 42 : MTL : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.
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